# # 

101 of SEQ ID NO: 2. or a portion thereof; 

and optionally further comprising an amino-terminal methionine. 

1 5. (Amended) A polynucleotide having the nucleotide sequence as set forth in 

SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 1 1 , SEQ ID NO: 9. or SEQ ID NO: 1 3. 
or a portion thereof. 

REMARKS 

Applicants wish to thank Examiner Christopher Low for his helpful comments with regard to 
amendments to the claims that comply with 37 C.F.R. § 1 .822(e). Applicants contend that no new 
matter has been added as a result of the above-described amendments. Applicants respectfully 
request that the Examiner direct any inquiries regarding this communication to the undersigned 
representative at (312) 913-0001. 
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Respectfully submitted, 

McDonnell Boehnen Hulbert & Berghoff 
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AMENDMENTS TO THE CLAIMS 



^\ , > .Marked L p Versions of Amended Claims under 37 C.F.R. 1,12 1 (c)( 1 )(ii) 

^ J. <* ' 

1 . (Amended) A truncated sTNFR basing the following formula: 

til )u.-> 

wherein [Cys -C-ys ] represents residues 19 through 103 of sTNFR - l. the amino acid residue 
numbering scheme of which is provided in Figure 1 (SEQ ID NQ:2) to facilitate the comparison; 
wherein R ( represents a methionylated or nonmethionylated amine group of Cy s ' or of amino 

terminus amino acid residue(s) selected from the group: 
G 

1€ 



-S4C 



44S1C (SEQ ID NO: 15) 



NNSIC (SEQ ID NO: 16) 



QNNSIC (SEQ ID NO: 17) 



PQNNSIC (SEQ ID NO: 18) 



HPQNNSIC (SEQ ID NO: 1 9) 



IHPQNNSIC (SEQIDNO:20) 



- VI HPQNNSIC (SEQ ID NO:21 



- KYIHPQNNSIC (SEQ ID NO:22) 



GKYIHPQNNSIC (SEQ ID NO:23) 



QGKVIHPQNNSIC (SEQ ID NO:2 4 ) 



PQGKYIHPQNNSIC (SEQ ID NO:25) 



CPQGKYIHPQNNSIC (SEQ ID NO:26) 



VCPQGKVIHPQNNSIC (SEQ ID NO:27) 



SVCPQGKYIHPQNNSIC (SEQIDNO:28) 



DSVCPQGKYIHPQNNSIC (SEQ ID NO:29); 

and wherein R ; represents a carboxy group of Cys 4 "* or of carboxy terminal amino acid residues 
selected from the group: 



\ 

— 

— F-N€ 

FNCS (SEQ ID NO:30) 

FNCSL (SEQ1DNQ:31) 

FNCSLC (SEQIDNO:32) 

FNCSLCL (SEQIDNO:33); 

polypeptide comprising amino acid residues 1-110, 1-109, 1-108, 1-107, 1-106, 1-105, 1-104,2- 
110, 2-109, 2-108,2-107, 2-100, 2-105. 2-104. 3-110, 3-109, 3-108, 3-107, 3-106, 3-105, 3-104, 
4-1 i() s 4-109, 4-108, 4-107, 4-106, 4-105, 4-104, 5-110, 5-109, 5-1 OS, 5-107, 5-106, 5-105, 5- 

104, 6-1 ID, 6-109, 6-1 OS, 6-107, 6-106, 6-105, 6-104, 7-1 ,10, 7-109, 7-108, 7-107, 7-106, 7-105, 
7-104, 8-1 10, 8-109, 8-108,8-107, 8-106, 8-105, 8-104, 9-1 10, 9-109, 9-108, 9-107, 9-106,9- 

105, 9-104, 10-1 10, 10-109, 10-108, 10-107, 10-106, 10-105, 10-104, 1 1-1 10, 11-109, 11-108, 

1 1 -107. 11 -106, 11-105, 11-1 04. 12- 1 10, 1 2-1 09, 12-1 08,12-1 07,1 2- 1 06, 1 2- 1 05 . 12-1 04. 1 3- 
110, 13-109, 13-108, 13-107, 13-106, 13-105, 13-104. 14-110. 14-100, 14-108, 14-107. 14-106, 
1 4-105. 14-1 04. 15-110. 15-109. 15-108. 15-1 0", 15-106. 15-1 05. 151 04, 16-110, 16-1 09. 16- 

1 08. 16- Mr. 1 6-106. 1 6-105. 16-104. 17-110. 1 7-109. 1 "-10S, 17-10", 1JM 06, 1 "-105, 17-104,. 
18-1 10, IS- 109, 18-108, 18-107, 18-106, 1 8-105, or 18-104 of SEQ ID NO: 2; 
mdor variants and derivatives thereof.; provided however , v4^n-R | represents a methionylated or 
nonmethionylated amine group of amino acid sequence VCPQGKYIHPQNNSIC or an N - 
terminal truncation thereof of from 1 to 1 5 residues, then R ^4€ys -C-ys }-& 2 is not an addition 
va r iant having the formula R ^-fC-ys^-Cys^ ] FNCSLCL R , , wherein R , represents a carboxyl 
group of amino acid residues Asn ^-Asfl 4 ^ of Figure 1 or a carboxy terminal truncation of 
Asfi U '-Astt" 4 of Figure 1 that when the truncated sTM R polypeptide comprises amino acid 
residues 3- 1 1 0, 4- 1 10, 5- 1 1 0,6-11 0, l-_ 11 0, 8- 1 1 0, 9-1 1 0, 1 0-11 0, 1 1 - 1 1 0, 1 2- 1 1 0, 13-11 0. 14- 
1 1 0, 1 5-1 1 0, 1 6-110, 1 7-11 0, or 1 8-11 0 of SEQ ID NO: 2, the polypeptide does not further 
comprise amino acid residues 1 1 1-161 of SEQ ID NO: 2, or a portion thereof; 
and optionally further comprising an amino-terminal methionine. 

~> 
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2. (Amended) TbeA tumor necrosis binding protein a ccording to Q aifH-4 , select e d from 
ik e group con s isting of comprising the amino acid sequence as set forth in s TNFR - I 
3-. 6DC105 SEQ ID NO: 4. sTNFR I 2.6D C106 SEQ ID NO: 6. sT^R^4D^v4^SEQ ID 
NO: S, sTNFR-I 2. 3D dSSEQ ID NO: 12, sTNFR-I 2. 3D dlSSEQ ID NO: 10, amior s TNFR I 
3^3-D dl5 SEQ ID NO: 14; or a variant or derivative thereof. 

3. (Amended) A truncated sTNFR having the foll o win g fo r mula: 
RJC-vV'-Cys-'VR 

lis >; u--» 

wherein [Cys -Cys ] represents residues Cys through Cys of mature, full - length l OkDa 

TNF inhibitor, the amino acid residue numbering scheme of which is provided in Figure 8 (SEQ 

ID NQ:35) to facilitate the comparison; wherein R 4 represents a methionylatcd or 

nonmetlnonylated amine group of Cys or of amino terminus amino acid residue(s) selected 
from the group: 

e 

MC 



QMC 



AQMC (SEQ ID NO:36) 



TAQMC (SEQIDNO:37 ) 



QTAQMC (SEQ IDNO:3S ) 



DQTAQ MC (SEQIDNO:39) 



YDQTAQ MC (SEQ ID NO: 1 0) 



YYDQTAQMC (SEQ IDNCMl) 



EYYDQTAQMC (SEQ ID NCM2) 



REYYDQTAQMC (SEQ ID NO: 13) 



LREYYDQTAQ MC (SEQ ID NO: 11) 



RLREYYDQTAQMC (SEQ ID NO:15 ) 



CRLREYYDQTAQM C (SEQ IDNO:1()) 



TCRLREYYDQTAQMC (SEQ ID NO: 17) 
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STCRLREY - YDQTAQMG (SEQ ID NO : I S) 

GSTCRLREYYDQTAQMC (SEQ ID NO: 19) 

PGSTCRLREYYD QTAQMC (SEQ ID NO:50) 

EPGSTCRLREYYDQTAQMC (SEQ IDNO:51) 

PEPGSTCRLREYYDQTAQMC (SEQIDNO:52) 

APEPGSTCRLREYYDQTAQMC (SEQ IDNO:53) 

Y APEPGSTCRLREYYDQTAQ MC (SEQIDNO:5l) 

PY APEPGSTCRLREYYDQTAQMC (SEQ IDNO:55) 

TPYAPEPGSTCRLREYYDQTAQMC (SEQ ID NO:56) 

FTPYAPEPGSTCRLREYYDQTAQM C (SEQ IDNO:57) 

AFTPYAPEPGSTCRLREYYDQTAQMC (SEQ]DNO:58) 

VAFTPYAPEPGSTCRLREYYDQTAQM C (SEQ ID NO:59) 

QVAFTPY APEPGSTCRLREYYDQTAQMC (SEQIDNO:60) 

AQV AFTPYAPEPGSTCRLREYYDQTAQM C- (SEQIDNO:61) 

PAQV AFTPYAPEPGSTCRLREYYDQTAQM C (SEQ ID NO:62) 

LPAQVAFTPY APEPGSTCRLREYYDQTAQMC — (SEQ IDNO:63); 

and wherein R ^ represents a carboxy group of Cys or of carboxy terminal amino acid residues 
selected from the group: 

A 

AT- 

APT 

A-P-LR (SEQ IDNO:61) 

: A-P-LR K (SEQIDNO:65) 

A PLRK C (SEQ ID NO:66) 

APLRKCR ( SEQ ID NO:67) 

polypeptide comprising amino acid residues l - 1 22, J - 1 2 1 , l - 1 20, l - 1 1 9. I - 1 1 8.. I - 1 1 7, l -l 1 6, 2- 
1 22, 2- 1 2 1 , 2- 1 20, 2- 1 19, 2- 1 1 8, 2- 1 1 7, 2- 1 1 6, 3- 1 22, 3-121,3-1 20, 3- 1 1 9, 3-11 8, 3-11 7, 3- 1 1 6, 
4-122, 4-121, 4-120, 4-119, 4-118, 4-117, 4-1 16, 5-122, 5-121, 5-120, 5-119, 5-1 IS, 5-117, 5- 
1 1 6, 6- 1 22, 6-121 , 6- 1 20, 6- 1 1 9, 6- 1 1 8, 6- 1 1 7, 6- 116, 7-122,7-121,7-1 20, 7- 1 1 9, 7- 1 1 8, 7- 1 17, 
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~-l 16, 8-122, S-121, 8-120, S-l 19, S- 1 IS, S-l H, S-l 16, 9-122, 9-121, 9-12<>, 9-119, 9-1 IS, 9- 

117, 9-116. 10-122, 10-121, 10-120. 10-119, 10-1 IS, 10-117. 10-1 16. 1 1-122. 1 1-121. 1 1-120, 
11-119, 11-118, 11-117, 11-116, 12-122, 12-121, 12-120, 12-119, 12-118, 12-1 P, 12-116, 13- 
122, 13-121, 13-120, 13-119, 13-118, 13-117, 13-116, 14-122, 14-121, 14-120, 14-1 19, 14-1 18, 
14-117, 14-116, 15-122, 15-121, 15-120, 15-119, 15-118, 15-117, 15-116, 16-122, 16-121, 16- 

120, 16-119, 16-1 18, 16-1 17, 16-116, 17-122, 17-121, 17-120, 17-119, 17-118, 17-117, 17-116, 
18-122, 18-121, 18-120, 18-119, 18-118, 18-117, 18-116, 19-122, 19-121, 19-120, 19-119, 19- 

1 1 8, 1 9- 1 1 7, 1 9- 11 6, 20- 1 22, 20- 1 2 1 , 20- 1 20, 20- 1 1 9, 20- 1 1 8, 20- 1 1 7, 20- 1 1 6, 2 1 - 1 22, 2 1 - 1 2 1 , 
21-120, 21-1 19, 21-1 IS, 21-1 17, 21-1 16, 22-122,22-121.22-120, 22-1 19, 22-1 IS, 22-1 17, 22- 
116, 23-122, 23-121, 23-120, 23-1 19, 23-1 18, 23-1 17, 23-1 16, 24-122, 24-121, 24-120, 24-1 19, 
24-1 18, 24-1 17, 24-1 16, 25-122,25-121, 25-120, 25-119, 25-1 IS, 25-1 P, 25-1 16, 26-122, 26- 

121, 26-120, 26-1.19, 26-1 18, 26-1 17, 26-1 16, 27-122, 27-121, 27-120, 27-1 19, 27-1 18, 27-117, 
27-1 16, 28-122, 28-121, 28-120, 28-1 19, 28-1 18, 28-1 17, 28-1 16, 29-122, 29-121 , 29-120, 29- 

1 1 9, 29- 1 1 8, 29-11 7, 29-1 lo, 30-122. 30-1 2 1 , 30- 1 20, 30- 11 9, 30-1 1 8, 30- 1 1 7, 30- 1 16, or 31- 
122,31 -121,31 -120, 31 - 1 1 9, 3 1 - 1 1 8, 31 -117. 31-116 ofSEQ ID NO: 1 6; 

andor variants and deri Vatiy es thereof; provided however , when R 4 represents a methionylated or 
nonmethionylated amine group of amino acid sequence TCRLREYYDQTAQMC or an 

M 444 

N - terminal truncation thereof of from 1 to 15 residues, then R 4 - [Cys -Gys j-R. is not an 
addition variant having the formula R 4 - [Cys -Qys ] APLRKCR ' R , wherein R ( represents a 

442 4J^j 

carboxyl group of amino acid residues Pro -Thr of Figure 8 or a carboxy - tenninal truncation 

of Pro -Thr of Figure 8 that when the tr uncated sTNFR polv jo_eptide_comp_rises the amino acid 
residues 1 5- 1 22. 16-122. 17-122, 18-122, 19-122,20-122,21-122. 22-1 22, 23-122, 24-122. 25- 

1 22, 26-122. 27-122. 28-122. 29-122. 30-122. or 31-122 of SEP ID NO: 16. the polypeptide 
docs not further comprise amino acid residues 123-179 of SEQ ID NO: 16, or a portion thereof; 
and optionally further comprising an amino-terminal methionine. 

14. (Amended) A nucleic acid sequencc molecule comprising cncoding a tumor 

necrosis factor binding protein encoded by , comprising a nucleotide sequence selected from the 
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• # 

fo4k) wing that is: 

(a) a cDNA the nucleotide sequence as shown in Fig. 2 set forth in SEQ ID NO: 3: 

(b) a cDNA the nucleotide sequence as shown in Fig. 3 set forth in SEQ ID NO: 5; 

(c) a cDNA the nucleotide sequence as shown in Fig. I set forth in SEQ ID NO: 7; 

(d) a cDNA the nucleotide sequence as shown in Fig. 5 set forth in SEQ ID NO: 1 1 ; 
(c) a cDNA the nucleotide sequence as shown in Fig. 6 sct forth in SEQ ID NO: 9; 
(0 a cDNA the nucleotide sequence as shown in Fig. 7 set forth in SEQ ID NO: 13; 

(g) a nucleotide sequence which is degenerate in the coding regions or portions 
thereof of the nucleotide sequence of (a), (b). (c), (d), (e), andor (0; 

(h) a nucleotide which hybridizes to the nucleotide sequence of (a), (b), (c), (d), (e), 
(0, andor (g); andor 

(i) a nucleotide sequence which is complementary to the nucleotide sequence of (a), 
(bMc),(d), (e),(f),(g) s andor (h)- 

provided however , that the nucleic acid does not encode a protein having the formula 
R 4Cys^-Gys W ] FNCSLCL R , 

wherein [Cys -Gys ] represents residues 19 through 103 of sTNFR - E the amino acid residue 
numbering scheme of which is provided in Figure 1 (SEQ ID NO:2) to facilitate the comparison; 
wherein R ^ represents a methionylated or nonmethionylated amine group of an amino acid 

4-4-4 

sequence comprising NNSIC and R , represents a carboxyl group of amino acid residues Asn - 

4/4 444 )(4 

Am of Figure 1 or a carboxy terminal truncation of Asn -Am of Figure 1 polype ptide 
comprising the amino acid sequence of SEQ ID NO: 2 , th e polypeptide does not further comprise 
am ino ac i d r esidu gs 11 1-161 of SE Q ID NO : 2 5 or a porti o n thereof; 
and optionally further comprising an amino-termina l meth ionine. 



1 5. (Amended) A polynucleotide having the nucleotide sequence as set forth in 

Figures 2 SEQ ID NO: 3. ^SEQ ID NO: 5, 4SEQ ID NO: 7, SSEQ ID NO: 1 K 6SEQ ID NO: 9, 
or 7SEQ ID NO: 13, or a portion thereof. 
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A MENDMENTS TO THE SPECIFI C ATIO N 
Clean Version of Specification under 37 C.F.R. 1.121(b)(l )(ii) 



TRUNCATED SOLUBLE TUMOR NECROSIS FACTOR 
TYPE- I AND TYPE- II RECEPTORS 
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OF THE INVENTION 
The present invention relates to the field of 
inflammation. More specifically, the present invention 
relates to truncated tumor necrosis factor receptors 
(sTNFRs) . 

RftrTOROUND OF THE INVENTION 
inflammation is the body's defense reaction 
to injuries such as those caused by mechanical damage, 
infection or antigenic stimulation. An inflammatory 
reaction may be expressed pathologically when 
inflammation is induced by an inappropriate stimulus 
such as an autoantigen, is expressed in an exaggerated 
manner or persists well after the removal of the 
injurious agents. Such inflammatory reaction may 
include the production of certain cytokines. 

While the etiology of inflammation is poorly 
understood, considerable information has recently been 
gained regarding the molecular aspects of inflammation. 
This research has led to identification of certain 
cytokines which are believed to figure prominently in 
the mediation of inflammation. Cytokines are 
extracellular proteins that modify the behavior of 
cells, particularly those cells that are in the 
immediate area of cytokine synthesis and release. 
Tumor necrosis factors (TNFs ) are a class of cytokines 
produced by numerous cell types, including monocytes 
and macrophages. 




At least two T\7s have been previously 
described, specifically TNF alpha (TNF-u) and TNF bet: a 
( TNF - [] cr lymphc toxin ) , .and each is active as a 
trimeri: molecule and is believed tc initiate cellular 
5 signaling by cross 1 inking receptors (Engelmann et al . 
(1990), J. Biol, ?hem. , 265_ : 14 4 97 - 14 5 04 ) . 

Several lines of evidence implicate TNF - a and 
TNF - [3 as major inflammatory cytokines. These known 
TNFs have important physiological effects on a number 

10 of different target cells which are involved in 

inflammatory responses to a variety of stimuli such as 
infection and injury. The proteins cause both 
fibre-blasts and synovial cells to secrete latent 
collagenase and prostaglandin E2 and cause osteocyte 

15 cells to stimulate bone resorption. These proteins 

increase the surface adhesive properties of endothelial 
cells for neutrophils. They also cause endothelial 
cells to secrete coagulant activity and reduce their 
ability to lyse clots. In addition they redirect the 

20 activity of adipocytes away from the storage of lipids 
by inhibiting expression of the enzyme lipoprotein 
lipase. TNFs also cause hepatocytes to synthesize a 
class of proteins known as "acute phase react ants, " 
which act on the hypothalamus as pyrogens (Selby et al . 

25 (1988), Lancet, 1(358 3) : 4 3 3 ; Starr.es, Jr. et al . 

(1988), J. Clin. Invest., 82:1321; Oliff et al . (1987), 
Cell, 50:EE5; and Waage et al . <■ 1 987), Lancet, 
1 (8529 ) :355> . Additionally, preclinical results with 
various predictive animal models of inflammation, 

30 including rheumatoid arthritis, have suggested that 
inhibition of TNF can have a major impact on disease 



r- 
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prcgressicn and severity (Dayer et al . (1994), European 
Cytokine Network, 5(6) :563-571 ana Feldmann et al . 
_ , (1995) , Annals Of The New York Academy Of Sciences, 

66:272-278). Moreover, recent preliminary human 
clinical trials in rheumatoid arthritis with inhibitors 
of TNF have shown promising results (Rankin et al . 
(1995), British Journal Of Rheumatology, 3 (4) :4334- 
4342; Elliott et al . (1995), Lancet, 344:1105-1110; Tak 
et al . (1996), Arthritis and Rheumatism, 39:1077-1081; 
and Paleolog et al . (1996), Arthritis and Rheumatism, 

39 : 1082-1091) . 

Protein inhibitors of TNF are disclosed in 
the art. EP 308 378 reports that a protein derived 
from the urine of fever patients has a TNF inhibiting 
15 activity. The effect of this protein is presumably due 
to a competitive mechanism at the level of the 
receptors. EP 308 378 discloses a protein sufficiently 
pure to be characterized by its N-terminus. The 
reference, however, does not teach any DNA sequence or 
20 a recombinantly-produced TNF inhibitor. 

Recombinantly-produced TNF inhibitors have 
also been taught in the art. For example, EP 393 438 
and EP 422 339 teach the amino acid and nucleic acid 
sequences of a mature, recombinant human "3 0kDa TNF 
25 inhibitor" (also known as a p55 receptor and as sTNFR- 
I) and a mature, recombinant human "40kDa inhibitor" 
(also known as a P 75 receptor and as sTNFR-II) as well 
as modified forms thereof, e.g., fragments, functional 
derivatives and variants. EP 393 438 and EP 422 339 
also disclose methods for isolating the genes 
responsible for coding the inhibitors, cloning the gene 



30 



in suitable vectors and cell types, and expressing the 
gene to produce the inhibitors. Mature recombinant 
human 3 0kDa TNF inhibitor and mature recombinant human 
40kDa TNF inhibitor have been demonstrated to be 
capable of inhibiting TNF (EP 393 438, EP 422 339, 
PCT Publication No. WO 92/16221 and PCT Publication No. 

WO 95/34326) . 

sTNFR-I and sTNFR-II are members of the nerve 
growth factor/TNF receptor superfamily of receptors 
which includes the nerve growth factor receptor (NGF) , 
the B cell antigen CD40, 4-1BB, the rat T-cell antigen 
MRC OX40, the Fas antigen, and the CD2 7 and CD30 
antigens (Smith et al . (1990), Science, 248:1019-1023). 
The most conserved feature amongst this group of cell 
surface receptors is the cysteine-rich extracellular 
ligand binding domain, which can be divided into four 
repeating motifs of about forty amino acids and which 
contains 4-6 cysteine residues at positions which are 
well conserved (Smith et al . (1990), supra). 

EP 393 438 further teaches a 40kDa TNF 
inhibitor 51 and a 40kDa TNF inhibitor 53, which are 
truncated versions of the full-length recombinant 40kDa 
TNF inhibitor protein wherein 51 or 53 amino acid 
residues, respectively, at the carboxyl terminus of 
the mature protein are removed. Accordingly, a 
skilled artisan would appreciate that the fourth domain 
of each of the 3 0kDa TNF inhibitor and the 4 0kDa 
inhibitor is not necessary for TNF inhibition. In fact 
various groups have confirmed this understanding. 
Domain-deletion derivatives of the 30kDa and 40kDa TNF 
inhibitors have been generated, and those derivatives 




without: the fourth domain retain full TNF binding 

activity while these derivatives without the first, 

second cr third domain, respectively, do not retain 

TNF binding activity (Corcoran et al . (1994), Eur. J. 
5 Biochem. , 2 23:831-843; Thih-Hsueh et al . (1995), 

The Journal of Biological Chemistry, 270(6) : 2 874-2 878 ; 

and Scallon et al. (1995), Cytokine, 7(8) : 7 5 9-770) . 

Due to the relatively low inhibition of 

cytotoxicity exhibited by the 30kDa TNF inhibitor and 
10 4 0kDa TNF inhibitor (Butler et al . (1994), Cytokine, 

6(6) :616-623) , various groups have generated dimers of 

TNF inhibitor proteins (Butler et al . (1994), supra; 

and Martin et al . (1995), Exp. Neurol., 131 :221-228) . 

However, the dimers may generate an antibody response 
15 (Martin et al . (1995), supra; and Fisher et al . (1996), 

The New England Journal of Medicine, 33 4 (26) : 1697- 

1702) . 

It is an object of the present invention to 
provide functionally active truncated sTNFRs . This and 
20 other objects of the present invention will become 
apparent from the description hereinafter. 

SUMMAR Y OF THE INVENTION 
The present invention is directed to 
functionally active truncated forms of sTNFR-I and 
sTNFR-II, respectively, and are referred to herein as 
"truncated sTNFR ( s ) " . The truncated sTNFRs are 
modified forms of sTNFR- I and sTNFR-II which do not 

contain the fourth domain (amino acid residues Thr 127 - 

Asn 161 of sTNFR-I and amino acid residues Pro 1 4 1 - Thr 1 7 9 
of sTNFR-II) ; a pert ion of the third domain '.amino acid 
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residues Asn-"-Cys^° of sTNFR-I and a^,inc acid 
residues Pre 1 2 3 - Lys 1 4 J of sTi:FR-II); and, cptionally, 
which do net contain a portion cf the first domain 
(amino acid residues Asp 1 -Cys 19 of sTNFR-I and amino 
5 acid residues Leu 1 -Cys 32 of sTNFR-II). These new 
inhibitors of TNF (e.g., TNF-a and/or TNF-[5) have 
general appl icabi 1 i ty . 

The trunqated sTNFRs of the present invention 
include polypeptides comprising amino acid residues 1 - 



110 , 1 - 


109, 1 


-108, 1 


- 107 , 1 - 
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06 , 1 


-10 5, 1 - 


104, 2 


- 110 , 


2-109, 


2 


-10 8, 




-10 7 , 


2 - 106 , 




-105, 


2 


- 104 , 


~j 


-110, 


3-109, 


3-108, 




-107, 




-10 6, 


3 - 105 , 




-104 , 


4 


- 110 , 


4 


- 109 , 


4 - 108 , 


4-107, 


4 


-106 , 


4 


-10 5, 


4-104, 




- 110 , 


5 


-109, 


c 

-J 


- 108 , 


5-107, 


5- 106 , 




-105 , 


c 


-10 4, 


\ 6 - 1 1 0 , 


6 


- 109 , 


6 


- 108 , 


6 


- 107 , 


6-106 , 


6-105 , 


6 


-104 , 


7 


-110, 


7-109 , 


7 


- 108 , 


7 


-107, 


7 


-106 , 


7-105, 


7-104 , 


e 


-110 , 


8 


-109, 


8-103, 




-1C7 , 


8 


-106 , 


8 


-105, 


8-104 , 


9-110 , 


Q 


-109, 


9 


-10 8, 


9-107 , 


9 


-10 6, 


9 


-105 , 


9 


-104 , 


10- 


110, 10 




10 9, 


10 


-10 3, 


10-107 , 




10-106 , 


10-10 




, 10- 


104 , 





11- 


no, 


11- 


109 , 


11 - 


103 , 


11- 


107, 


11 


-106 , 


11 - 


105 , 


11 - 


104 , 


20 


12 - 


no, 


12 - 


109 , 


12 - 


103, 


12- 


107, 


12 


-106 , 


12 - 


105 , 


12 - 


104 , 




13 - 


110 , 


13 - 


109 , 


13 - 


108 , 


13- 


107, 


13 


-106 , 


13 - 
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104 , 
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15 


-106 , 
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105 , 
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104 , 




16- 


no, 


16 - 


109 , 
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1 0 3 , 
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16 
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16 - 


105 , 


16- 


104 , 


25 
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no , 


17- 


109 , 
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10 3, 
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107 , 
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-106 , 


17 - 


105 , 
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104 , 




13- 


110 , 
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109 , 


18- 


1 0 3 , 


18 - 


107 , 


18 


-106 , 


13 - 


105 , 


or 


18- 




104 


of 


SEQ 


ID NO 


: 2 





















or variants thereof; provided however , that when the 
truncated sTNFR polypept ide comprises amino acid 
30 residues 3-110, 4-113, 5-110, 6-110, 7-110, 8-110, 9- 
110, 10-110, 11-110, 12-110, 13-110, 14-110, 15-110, 



10 



15 



30 



16-110, 17-11:, c 
poiypept ide etc es 
residues 111-161 



^ 18-110 of SEQ IE- NO: 2, the 
rot further comprise amino acid 
f SEQ ID NC ; : 2, or a portion thereof; 



and optionally further comprising an amine - terminal 
methionine . 

Exemplary truncated sTNFR-I of the present 
invention include the following molecules: sTNFR-I 
2.6D/C105 (SEQ ID NO: 4); sTNFR-I 2.6D/C1C6 ( SEQ ID NO: 
6); sTNFR-I 2.6D/N105 (SEQ ID NO: 8); sTNFR-I 2 . 3D/d& 

(SEQ ID NO: 12); sTNFR- I 2.3D/dl8 (SEQ ID NO: 10); and 

{SEQ ID NO: 14), either me t hi onyl at ed or 

nonmethionylat ed, and variants and derivatives thereof. 

The truncated sTNFRs of the present invention 
also include polypeptides comprising amino acid 
residues 1-122, 1-121, 1-120, 1-119, 1-118, 1-117, 1- 
116, 2-122, 2-121, 2-120, 2-119, 2-118, 2-117, 2-116, 



3-122. 
4 - 121 , 

5- 120, 

6- 119, 
7 - 118 , 
8-117, 
9 - 116 , 



3- 121, 3-120, 3-119, 3-118, 3-117, 3-116, 4-122, 

4- 120, 4-11&, 4-118, 4-117, 4-116, 5-122, 5-121, 

5- 119, 5-11,8, 5-117, 5- 116, 6-122, 6-121, 6-120, 



6- 118, 6-117, 6-116, 7-122, 

I 

7- 117, 7-1116, 8-122, 8-121, 



116, 9-12: 



9-121, 9-120, 



7- 121, 7-120, 7-119, 

8- 120, 8-119, 8-118, 

9- 119, 9-118, 9-117, 



10-116, 11-122 
11 - 116 , 12 -122 



10-122, 10-121, 
11^121 
12-121 



10-12 0, 10-119, 10-118, 10-117, 



12- 116, 13-121 

13- 116, 14-122 

14- 116, 15-122 

15- 116, 16-112 



17-11* 



17- 122 

18- 112 



12-121 

14- 12 1 

15- 12 1 

16- 121 

17- 111 



11-12 0 
12 - 12 
13-12 
14 - 12 
1 5 - 1 2 

16- 11 

17- 12 



11- 119 

12- 119 

13- 119 

14- 119 

15- 119 

16- 119 

17- 119 

18- 119 



11- 118, 11-117, 

12- 118, 12-117, 

13- 118, 13-117, 

14- 118, 14-117, 

15- 118, 15-117, 

16- 118, 16-117, 

17- 118 , 17-117, 

18- 118, 18-117, 
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116 


, 23 


- 122 , 


2 3-121, 


28 - 


1 2 0 , 


28-119 


, 28 


-118 , 


28-117, 




28 - 


116 


, 2 9 


-122 , 


29-121 , 


29- 


12 0, 


2 9-119 


2 9 


- 118 , 


29- 117 , 




2 9- 
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, 3 0 


-122 , 
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3 0 - 
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- 118 , 
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116 
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, 3 1 
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or 


31 - 
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of SEC 


ID NO: 


16; 












15 


or 


variant: 


s and 


derivat i 


ves 


z hereof ; p 


rovi 


ded however , 



that when the truncated sTNFR polypeptide comprises the 
amino acid residues 15-122, 16-122, 17-122, 18-122, 19- 
122, 20-122, 21-122, 22-122, 23-122, 24-122, 25-122, 
26-122, 27-122, 28-122, 29-122, 30-122, or 31-122 of 
2 0 SEQ ID NO: jib, the polypeptide does not further 

comprise amino acid residues 123-179 of SEQ ID NO: 16, 
or a port ion thereof ; 

and optionally further comprising an amino - terminal 
methionine . 

2 5 In one aspect of the present invent ion , 

the truncated sTNFRs may be made in glycosylated or 
non-glycosylaced forms. Truncated sTNFRs are produced 
by recombinant genetic engineering techniques. In an 
alternative embodiment, truncated sTNFRs are 

30 synthesized by chemical techniques or a combination of 
the recombinant and chemical techniques. 




- 9 - 

In anccher aspect: cf the present invent: ion, 
truncated sTNFRs may be derivat: zed by at t aching the 
truncated sTNFRs to a water soluble polymer. For 
example, the truncated sTNFRs may be conjugated to one 
5 or more polyethylene glycol molecules in order to 

improve pharmacokinetic performance by increasing the 
molecule's apparent molecular weight. 

Yet another aspect of the present invention 
includes the various polynucleotides encoding truncated 

10 sTNFRs. Suitable nucleic acid sequences include, for 
example, those specifically depicted in the Figures as 
well as degenerate sequences and naturally occurring 
allelic variations thereof. Such nucleic acid 
sequences may be used in the expression of truncated 

15 sTNFRs in eukaryot ic or prokaryot ic host cells , wherein 
the expression products or derivatives thereof are 
characterized by the ability to modulate the activity 
of TNF. 

A further aspect of the present invention 
20 involves vectors containing the polynucleotides 
encoding truncated sTNFRs operatively linked to 
amplification and/or expression control sequences. 
Both prokaryotic and eukaryotic host cells may be 
stably transformed or transfected with such vectors to 
25 express the truncated sTNFRs . The present invention 
further includes the recombinant production of 
truncated sTNFRs wherein host cells containing such 
polynucleotides are grown in a suitable nutrient medium 
and the truncated sTNFRs expressed by the cells are, 
30 optionally, isolated from the host cells and/or the 
nutrient medium . 




Anon her aspec: cf the present invention 
includes phar^aceu: ical corr.pc sic ions containing 
truncated sTNFRs cr derivatives thereof. Typically, 
the truncated sTNFRs or derivatives thereof may be 
5 formulated in association with pharmaceut ically 

acceptable vehicles. A variety of other formulation 
materials may be used to facilitate manufacture, 
storage, handling, delivery and/or efficacy of the 
truncated sTNFRs or derivatives thereof. 

10 Another aspect of the present invention 

relates to methods of modulating the activity of TNF . 
Specifically, TNF-mediated diseases (e.g., diseases 
mediated by TNF - a and/or TNF - p ) may be treated by 
administering to a patient therapeutically effective 

15 amounts of truncated sTNFRs or derivatives thereof. 

The polynucleotides encoding truncated sTNFRs 
may also be used in cell therapy or gene therapy 
applications . 

The truncated sTNFRs Q f the present invention 

20 are particularly suited for production of large-scale 
quantities of protein. For example, sTNFR-I has a 
deamidation site within the amino acid sequence 111 to 
126 (amino acids Asn 1 1 1 - Gly 1 2 6 ) . The absence of this 
site is expected to enhance biochemical stability of 

25 the purified protein, decreasing possible degradation 

products and resulting in more storage - st able proteins. 
Truncated sTNFRs have fewer disulfide bridges than do 
other previously disclosed TNF inhibitor proteins. For 
example, sTNFR-I has twc disulfide bridges within the 

30 amino acid sequence 111 to 126 and three disulfide 

bridges within the amine acid sequence 127 to 161; and 



sTNFR-II has a disulfide bridge between Cys 12 - and 
Cys 139 , Cys 142 and Cys 157 , and Cys 163 and Cys 178 . The 
reduced number cf disulfide bridges is important in 
chat greater numbers of these linkages can complicate 
5 the protein refolding process. Surprisingly, truncated 
"f,'~\ - sTNFRs have fewer sites for antigenic epitopes than do 

ocher previously disclosed TNF inhibitor proteins 
(e.g., a shortened form of sTNFR-I having the first 
three domains has neo-epi topes caused by exposing 
10 certain residues, see Example III), resulting in 
comparatively reduced antigenicity and having no 
significant reduction in clearance rate with repeated 
administration. The reduced immunogenicity of 
truncated sTNFRs is expected to be suitable for 
15 treatment of TNF-mediated diseases, particularly 
including chronic inflammatory diseases. 

Additional aspects and advantages of the 
invention will be apparent to those skilled in the art 
upon consideration of the following description, which 
2 0 details the practice of the present invention . 

BRIEF DESCRIPTION OF THE FIGURES 
Numerous aspects and advantages of the 
present invention will become apparent upon review of 
25 the figures, wherein: 

Figure 1 depicts a nucleic acid sequence 

(SEQ ID NO:l) encoding Asp 1 - Asn 16 1 , full length 
recombinant human sTNFR-I. Also depicted is the amino 
acid sequence (SEQ ID NO : 2 ) of Asp 1 -Asn 161 . 
30 Figure 2 depicts a nucleic acid sequence 

(SEQ ID NO: 3) encoding sTNFR-I 2.6D/C105. Also 




depicted is the amino acid sequence vSEv ID X ~ : 4 . of 
sTNFR- I I . 6D/C1 Z 5 . 

Figure 3 depicts a nucleic acid sequence 
iSEQ ID NO: 5) encoding sTNFR-I 2.6D/C106. Also 
5 depicted is the amine acid sequence ('SEC ID NO : 6 ) of 
sTNFR- I 2 . cD/CICd . 

Figure 4 depicts a nucleic acid sequence 
iSEQ ID NO: 7) encoding sTNFR-I 2.6D/N10E. Also 
depicted is the amino acid sequence tSEQ> ID NO : 3 ) of 
10 sTNFR-I 2.6D/N1G5. 

Figure 5 depicts a nucleic acid sequence 
(SEQ ID NO: 11) encoding sTNFR-I 2 . 3D/d3 . Also 
depicted is the amino acid sequence (SEQ IE 1 NO: 12) of 
sTNFR - I 2 . 3D/d8 . 
15 Figure 6 depicts a nucleic acid sequence 

iSEQ ID NO: 9) encoding sTNFR-I 2.3D/dlS. Also depicted 
is the amino acid sequence (SEQ ID NO: 10) of sTNFR-I 
2 . 3D/dl8 . 

Figure 7 depicts a nucleic acid sequence 
20 (SEQ ID NO: 13) encoding sTNFR- I 2.3D/dl5. Also 

depicted is the amino acid sequence (SEQ ID NO: 14) ofm 
sTNFR- I 2 . 3D/dl 5 . 

Figure 3 depicts a nucleic acid sequence 

(SEQ ID NO 1 : 15) encoding Leu 1 -Thr 179 / mature recombinant 
25 human sTNFR-II. Also depicted is the ammo acid 

sequence (SEQ ID NO : 1 6 ) of Leu 1 -Thr 179 . 

Figure 9 depicts the amount of swelling 
induced in a Streptococcal cell wall -induced 
reactivation model, as described in Example II. 
30 Figure 10 depicts the plasma profiles of 

sTNFR-I 4D/ClD5db in healthy baboons following two 




minute intravenous infusion of 0.2 mg/kg, as described 
in Examp le III. 

^- Figure 11 depicts the plasma profiles of 

\^r- K sTNFR-I 3D/ClD5db in healthy babe ens following two 

5 minute mi ravenous infusion of 0.2 mg/kg, as described 
in Example III. 

Figure 12 depicts the plasma profiles of 
sTNFR-I 2.6D/C105db in healthy baboons following two 
minute intravenous infusion of 0.2 mg/kg, as described 
10 in Example III. 

Figure 13 depicts realtionship between dose 
and clearance of different dimeric sTNFR-I contructs, 
as described in Example III. 

1 5 DET AILED DESCRIPTION OF TH E INVENTI ON 

The present invention is based on the 
unexpected discovery that sTNFR-I and sTNFR-II may each 
be reduced in size to exclude not only the fourth 
domain but a portion of the third domain and, 

20 optionally, a portion of the first domain, and yet 
retain biological activity and have reduced 
antigenicity. For at least the following reasons, it 
i s cons ide red advantageous to produce these 
biologically active truncated sTNFRs or derivatives 

25 thereof. First, these molecules may have one less 

potentially destabilizing deamidation site. Second, 
these molecules have fewer disulfide bridges, 
potentially making refolding and purifying easier. 
Third, these molecules have reduced sites for potential 

3 0 antigenic epitopes . 



As used herein, the term "truncated sTNFR(s) 11 
includes one or mere biologically active synthetic or 
recombinant molecules comprising amino acid residues 1- 
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104 of 


SEQ ID NC 


: 2 ; 


and variants 


( including insertion, 



substitution and deletion variants) thereof (as 
described below) ; provided however , that when the 
truncated sTNFR polypeptide comprises amino acid 

25 residues 3-110, 4-110, 5-110, 6-110, 7-110, 8-110, 9- 
110, 10-110, 11-110, 12-110, 13-110, 14-110, 15-110, 
16-110, 17-110, or 18-110 of SEQ ID NO: 2, the 
polypeptide does not further comprise amino acid 
residues 111-161 of SEQ ID NO: 2, or a portion thereof; 

30 and optionally further comprising an amino- terminal 
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of SEQ NO: 16; and variants (including insertion, 

substitution and deletion variants) thereof (as 
described below) ; ore vide d hcv/ever , that when the 
5 truncated sTNFR polypeptide comprises the amino acid 
V, residues 15-112, 16-112, 17-112, 13-122, 13-122, 20- 

**> -\ 122, 21- 122, 22 -122, 23- 122, 24-122, 25-122, 26-122, 

27-122, 28-122, 29-122, 30-122, or 31-122 of SEQ ID NO: 
16, the polypeptide does not further comprise amino 
10 acid residues 123-179 of SEQ ID NO: 16, or a portion 
thereof; and optionally further comprising an amino- 
terminal methionine \ 

The term "biologically active" as used herein 
means that a truncated sTNFR demonstrates similar TNF 
15 inhibiting properties, but not necessarily all of the 
same properties and not necessarily to the same degree 
as sTNFR-I and/or sTNFR-II. In general, truncated 
sTNFRs and derivatives thereof have the ability to 
inhibit TNF . Bioassays of truncated sTNFRs are further 
20 described in Example II below. The selection of the 
particular TNF- inhibit ing properties of interest 
depends upon the desired use of a truncated sTNFR. 

In one aspect of the present invention, 
truncated sTNFRs may advantageously be produced via 
25 recombinant techniques in bacterial, mammalian or 

insect cell systems and may be either a glycosylated or 
non-glycosylated forms of the protein. Alternatively, 
truncated sTNFRs may be chemically synthesized. 
Currently preferred production methods are described in 
30 greater detail below. 




Truncated sTNFRs each may typically be 
isolated and purified to be substantially free from the 
presence of other prot e maceous materials (i.e., non- 
truncated sTNFRs) . Preferably, a truncated sTNFR is 
5 about 80% free of other proteins which may be present 

due to the production technique used in the manufacture 
of the truncated sTNFR. More preferably a truncated 
sTNFR is about 90% free cf other proteins, particularly 
preferably about 95% free of other proteins, and most 

10 preferably about >93% free of other proteins. It will 
be appreciated, however, that the desired protein may 
be combined with other active ingredients, chemical 
compositions and/or suitable pharmaceutical formulation 
materials prior to administration, as described in 

15 further detail below. 

T runcated sTNFRs 

> , *.l V * 1 In o\e basic embodiment , truncated sTNFRs of 

f 

the present invention may be one or more polypeptides 
20 comprising amino acid residues 1-110, 1-109, 1-108, 1- 



107, 1- 


106, 1- 


105, 1- 


104 , 2 


-110, 2 


-109, 2- 


108 , 2 


-107 , 


2 - 106 , 


2 - 


105 , 


2 - 


104 , 


3- 


110 , 


3 - 109 , 


3 - 108 , 


3 


- 107 , 


3 -106 , 


3-105, 


3 - 


104, 


4 - 


1 1 0 , 


4 - 


10 9, 


4-108, 


4 - 107 , 
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- 106 , 


4 -105 , 


4-104, 


5- 


no, 


5- 


10 9 , 


5- 


108 , 


5-107, 
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- 105 , 


5-104 , 


6-110, 


6- 
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6- 


10 8 , 


6- 


107 , 


6-106, 


6-105 , 


6 


- 104 , 


7-110 , 


7- 109 , 


7- 


108, 


7 - 


107, 


7 - 


10 6, 


7- 105 , 


7-104 , 
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- 110 , 


8 - 109 , 


8 - 108 , 


8- 


107, 


8- 


10 6, 


8 - 


105, 


8- 104 , 


9- 110 , 
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- 109 , 


9-108 , 


9-107 , 


9- 


106 , 


9- 


105, 


9- 


104 , 


10-110 


, 10-109, 


10-108 , 10- 


107, 10 


-1 


0 6, 1 


0- 


10 5, 


10 


- 1 0 4 


, 11-110, 11-109 


, 11- 


108 , 


11-10 7, 
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1-106 




1 1 - 1 C 


5, 


11- 


104, 12 


-110, 12 




109 , 


12 -108 , 


12-107, 




2-106 




1 2 - 1 C 


5, 




104, 13 


-110, 13 
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13 -108 , 



13- 


- p 


7 , 
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13 




















J. ^ 


- 1C 8 


^ *i - 




7 , 


14 
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, 15-110, 




10 9, 


15 


-108 


15- 


10 


7 , 


15 


- 1 0 6 , 


15- 


10 5, 


"i ^ - 
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j 4 


, 16-110, 


16- 


10 9, 


16 


-108 


16- 


1C 


7, 


16 


-10 6, 


16- 


10 5, 


16- 
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0 4 


, 17-110, 
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1 0 9 , 


17 
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10 


7, 


17 
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17- 


10 5, 
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, 18-110, 
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18 
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7, 


18 


-10 6, 


18- 


10 5, 


or 
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s - 


104 of SEQ 


ID 


NO : 


2 ; 


or 



variants thereof, pro vided however , that when the 
■ truncated sTNFR polypept ide comprises amino acid 

I residues 3-110, 4-110, 5-110, 6-110, 7-110, 8-110, 9- 

V 

10 110, 10-110, 11-110, 12-110, 13-110, 14-110, 15-110, 
16-110, 17-110, or 18-110 of SEQ ID NO: 2, the 
polypeptide does not further comprise amino acid 
residues 111-161 of SEQ ID NO: 2, or a portion thereof. 

In another basic embodiment , truncated sTNFRs 

15 of the present invention may be one or more 

polypeptides comprising amino acid residues 1-122, 1- 
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15 


- 117 , 


15 
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1 7 - 1 2 0 
1 & - 1 2 C 
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2 0-121, 2 C - 1 2 0 
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2 6-121, 26-120 



27-121, 27-12 '0 
23-121, 2 3-120 
29-121, 29-12 0 



10-121, 30-120 
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17- 11 

18- 11 



21- 119 

22- 119 

23- 119 
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25- 119 

26- 119 

27- 119 
2 3-119 

2 9-119 

3 0-119 
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17- 118 
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27- 118, 27-117, 27-116 
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2 3-118, 2 

2 9-118, 2 

3 0-118, 30-117, 
31-118, 31-117, 

I D NO : 16; 

or variants thereof , provided however , that when the 
truncated sTNFR polypeptide comprises the amino acid 
residues 15-122, 16-122, 17-122, 18-122, 19-122, 20- 
122, 21-122, 22-122, 23-122, 24-122, 25-122, 26-122, 
27-122, 23-122, 29-122, 30-122, or 31-122 of SEQ ID NO: 
16, the polypeptide does not further comprise amino 
acid residues 123-179 of SEQ ID NO: 16, or a portion 
thereof . v 

Another aspect of the present invention 
includes one or more variants of the truncated sTNFR 
molecules described herein, either methionylated or 
nonmethionylated. The term "truncated sTNFR(s) " thus 
includes one or more natural ly- occurring allelic 
variants of the truncated sTNFR molecules described 
herein and one or more other variant proteins in which 
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amino acids have been deleted from ("deletion 
variants"), inserted mtc ("addition variants"), or 
substituted for ("substitution variants") residues 
within the amine arid sequences of the truncated sTNFR 
5 molecules described herein. 

Ammo acid sequence deletions typically range 
from about 20 amine acid residues, more typically from 
about 1 to 10 residues, and most typically from about 
1 to 5 residues, so as not to disrupt protein folding. 

10 N-terminal, C-termmal and internal mt rasequence 
deletions are contemplated. The number of total 
deletions and/or consecutive deletions will be selected 
s o as to preserve the tertiary structure of the protein 
in the affected domain, e.g., cysteine crossl inking . 

15 Deletions within the of the truncated sTNFR 

molecules described herein may be made in regions of 
low homology with the sequences of other members of the 
NGF/TNF receptor family in the group of cell surface 
membrane proteins. Deletions within the amino acid 

20 sequence of the truncated sTNFR molecules described 
herein may be made in areas of substantial homology 
with the sequences of other members of the NGF/TNF 
receptor family and will be more likely to 
significantly modify the biological activity. 

25 Specifically, the sequence similarity among NGF/TNF 
receptor family members is particularly high in the 
region corresponding to the first two disulfide loops 
of domain 1, the whole of domain 2, and the first 
disulfide loop of domain 3 (Banner et al . (1993), Cell, 

30 7_3 : 4 3 1 - 4 4 E ) . For example, two exemplary deletion 

variants of the truncated STNFR - 1 molecules described 




herein are sTNFR- I - Thr 20 and sTNFR - I - Cys 19 . For 
example, three exemplary deletion variants of the 
truncated sTNFR-II molecules described herein are 
sTNFR-II- Cys 115 ; sTNFR-II- Cys 1 1 5 - Lys 1 1 5 and sTNFR-II- 

5 Cys 115 -Arg 113 . 

Amino acid sequence additions may include 
amino- and/or carboxyl - terminal fusions ranging in 
length from one residue to one hundred or more 
residues, as well as internal int rasequence insertions 

10 of single or multiple amino acid residues. Internal 

additions may range typically from about 1 to 10 amino 
acid residues, more typically from about 1 to 5 amino 
acid residues and most typically from about 1 to 3 
amino acid residues. 

15 Amino- terminus addition variants include the 

addition of a methionine (for example, as an artifact 
of the direct expression of the protein in bacterial 
recombinant cell culture) or an additional amino acid 
residue or sequence. A further example of an amino- 

20 terminal insertion includes the fusion of a signal 

sequence, as well as or with other pre-pro sequences, 
to facilitate the secretion of protein from recombinant 
host cells. For prokaryotic host cells that do not 
recognize and process the native sTNFR-I or sTNFR-II 

25 signal sequences, the signal sequence may be 

substituted by a prokaryotic signal sequence selected, 
for example, from the group of the alkaline 
phosphatase, penicillinase or heat-stable enterotoxin 
II leaders. For yeast cells, the signal sequence may 

30 be selected, for example, from the group of the yeast 
invertase, alp'ha factor or acid phosphatase leader 
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sequences. In mammalian cell expression the native 
signal sequences of sTNFR- I or of sTNFR-II (EP 393 438 
and EF 422 33 9) are satisfactory, although other 
mammalian signal sequences may be suitable (e.g., 
5 sequences derived from other NGF/TNF receptor family 
members ) . 

Carboxy- terminus addition variants do not 
involve the addition of one or more amino acid residues 
that would result in the reconstruction of the sTNFR-I 

10 or of sTNFR-II, respectively. It will be appreciated 
that a carboxy - terminus addition variant will not 
include the addition of one or more carboxy acid 
residues that would result in the reconstruction of the 
third domain or fourth domain of sTNFR- I or sTNFR-II. 

15 An example of carboxy- terminus addition variants 

includes chimeric proteins comprising the fusion of a 
truncated sTNFR molecule described herein with all or 
part of a constant domain of a heavy or light chain of 
human immunoglobulin. Such chimeric proteins are 

20 preferred wherein the immunoglobulin portion of each 
comprises all domains except the first domain of the 
constant region of the heavy chain of human 
immunoglobulin, such as IgG, IgA, IgM or IgE, 
especially IgG , e.g., IgGl or IgG3 . A skilled artisan 

25 will appreciate that any amino acid of each 

immunoglobulin portion can be deleted or substituted 
with one or more amino acids, or one or more amino 
acids can be added as long as the TNF binding portion 
still binds TNF and the immunoglobulin portion shows 

30 one or mere of its characteristic properties. 




Another group of variants are amino acid 
substitution variants. These variants each have at 
least one amino acid residue in a truncated sTNFR 
molecule described herein removed and a different 
5 residue inserted in its place. Substitution variants 
include allelic variants, which are characterized by 
naturally-occurring nucleotide sequence changes in the 
species population that may or may not result in an 
amino acid change. One skilled in the art can use any 
10 information known about the binding or active site of 
the polypeptide in the selection of possible mutation 
sites . 

One method for identifying amino acid 
residues or regions for mutagenesis of a protein is 

15 called "alanine scanning mutagenesis" (Cunningham and 

Wells (1989), Science, 244 :10 81-1085, the disclosure of 
which is hereby incorporated by reference) . In this 
method, an amino acid residue or group of target 
residues of a protein is identified (e.g., charged 

20 residues such as Arg , Asp, His, Lys and Glu) and 

replaced by a neutral or negatively-charged amino acid 
(most preferably alanine or polyalanine) to effect the 
interaction of the amino acids with the surrounding 
aqueous environment in or outside the cell. Those 

25 residues demonstrating functional sensitivity to the 
substitutions are then refined by introducing 
additional or alternate residues at the sites of 
substitution. Thus, the site for introducing an amino 
acid sequence modification is predetermined and, to 

30 optimize the performance of a mutation at a given site, 
alanine scanning or random mutagenesis may be conducted 




2 4 

and the resulting variant polypeptide screened for the 
optimal combination of desired activity and degree of 
activity. 

Sites of interest for substitutional 
5 mutagenesis include sites where the amino acids found 
in the truncated sTNFR molecules described herein are 
substantially different in terms of side-chain bulk, 
charge and/or hydrophobicity from sTNFR-like proteins 
such as sTNFRs of other various species or of other 

10 members of the NGF/TNF receptor family. 

Other sites of interest include those in 
which particular residues are similar or identical with 
those of such sTNFR-I-like proteins and sTNFR- 1 1 - like 
proteins. Such positions are generally important for 

15 the biological activity of a protein. For example, a 

skilled artisan would have understood that prior to the 
present invention, the effects of truncating sTNFR-I 
and sTNFR-II on the their respective three-dimensional 
structures would not have been predictable. However, 

20 given the results disclosed herein, a skilled artisan 
would appreciate the first principles of developing a 
strategy for making variants could rely in part on the 
information previously elucidated for the full length 
sTNFR-I and sTNFR-II. Accordingly, the following 

25 information has been elucidated concerning sTNFR-I 
(Banner et al . (1993), supra, and Fu et al . (1995), 
Protein Engineering, 8(12) :1233-1241) . Residues Tyr ; \ 
Thr : *\ His"" in Domain 1, residues Phe" 1 ^, Ser' : ', Asp = " in 
Domain 2 and residues Tyr" and Ser : "' in Domain 3 have 

30 been identified as being potentially important for the 
stabilization of the structure of Domains 1, 2 and 3, 



respectively. Residues Pre"*" and His""' have been 
identified as potentially interacting with Ser : '-Tyr c 
on subuni: C of TNFa. Residues Glu^ = -Phe~" have been 
identified as being in a loop which potentially 
interacts with residues Leu : "-Arg^ of TNFa subunit A. 
Residues Gly 4 = has been identified as potentially 
interacting with Asn : "'-Pro : " on subunit A of TNFa. 
Residue His 5r -Leu~" have been identified as being in an 
extended strand conformation and side chain 
interactions with residues Arg 3: -Ala 33 on subunit A of 
TNFa have been potentially identified with residue 
His" c of sTNFR-I specifically interacting with residue 
Arg 31 . Residues Lys 64 -Arg 6 ~ have been identified as 
being in an extended strand conformation and have been 
identified as having side chain and main chain 
interactions with residues Ala 145 -Glu 146 and residue Glu 46 
on subunit A of TNFa. Residue Met 6 ' has been 
identified as potentially interacting with residue 
Tyr ::5 on subunit A of TNFa. Residues His 54 -Phe ::: have 
been identified as forming a loop which interacts with 
residues Thr^ : -Leu~ 5 and Asn' r of subunit C of TNFa, 

with residue Trp of sTNFR-I specifically interacting 
with residues Ser' : -Thr~ z on subunit C of TNFa, Leu~~" of 
sTNFR-I being in close proximity with residue Asn' r on 
subunit C of TNFa and residue Gln ::2 of sTNFR-I 
specifically interacting with residue Pro"' on subunit 
A of TNFa. Accordingly, a skilled artisan would 
appreciate that initially these sites should be 
modified by substitution in a relatively conservative 
manner . 




Such conservative substitutions are shown m 
Table 1 under the heading of "Preferred Substitutions" 
If such substitutions result m a change in biological 
activity, then more substantial changes (Exemplary 
5 Substitutions) may be introduced and/or other 

additions/deletions may be made and the resulting 
products screened . 



TABLE 1 : Amino Acid Substitutions 

10 

Original P referred Exemplary 

Res i due Subst i tut ions Subs t i tut ions 



Aid 


[ A) 


Val 


Val ; 


Leu ; 


He 


Arg 


( R .' 


Lys 


Lys ; 


Gin; 


Asn 


Asn 


[N ) 


Gin 


Gin; 


His; 


Lys ; 








Arg 






Asp 


{ D J 


Glu 


Glu 






Cys 


(C) 


Ser 


Ser 






Gin 


IQ) 


Asn 


Asn 






Glu 


(E) 


Asp 


Asp 






Gly 


[ G ) 


Pro 


Pro 






His 


IH) 


Arg 


Asn ; 


Gin; 


Lys ; 








Arg 






He 


( I ) 


Leu 


Leu ; 


Val ; 


Met ; 








Ala; 


Phe; 










norleucine 


Leu 


(L) 


He 


norleucine ; 








He; 


Val ; 


Met ; 








Ala; 


Phe 




Lys 


( K ) 


Arg 


Arg; 


Gin; 


Asn 


Met 


f Mi 


Leu 


Leu ; 


Phe ; 


He 


Phe 


[ F i 


Leu 


Leu ; 


Val ; 


He ; 








Ala 






Pro 


( P ) 


Gly 


Gly 






Ser 


t S - 


Thr 


Thr 






Thr 


i T ■ 


Ser 


Ser 






Trp 


i W < 


Tyr 


Tyr 






Tyr 


I Y ■ 


Phe 


Trp; 


Phe ; 


Thr; 








Ser 






Val 


(V.' 


Leu 


He; 


Leu ; 


Met ; 








Phe ; 


Ala; 










norleucine 
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In :.ak:ng such changes of an equivalent 
nature, the hydropathic index of amino acids may be 
considered. Each amino acid has been assigned a 
hydropathic index on the basis of their hydrophobi c 1 ty 
5 and charge characteristics, these are: isoleucine 

(+4.5); valine (+4.2); leucine (+3.8); phenylalanine 
(+2.3); cysteine/cystine (+2.5); methionine (+1.9); 
alanine (+1.3); glycine (-0.4); threonine (-0.7); 
serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); 

1 0 prol i ne (-1.6) ; hi st idine (-3.2) ; glut amate (-3.5) ; 

glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); 
lysine (-3.9) ; and arginine (-4.5) . 

The importance of the hydropathic amino acid 
index in conferring interactive biological function on 

15 a protein is generally understood in the art (Kyte and 
Doolittle (1982), J . Mol . Biol., JJ57 : 1 0 5 - 1 3 1 , the 
disclosure of which are incorporated herein by 
reference) . It is known that certain amino acids may 
be substituted for other amino acids having a similar 

20 hydropathic index or score and still retain a similar 
biological activity. In making changes based upon the 
hydropathic index, the substitution of amino acids 
whose hydropathic indices are within ±2 is preferred, 
these which are within ±1 are particularly preferred, 

25 and those within ±0.5 are even more particularly 
pre f e rred . 

It is also understood in the art that the 
substitution of like amino acids can be made 
effectively on the basis of hydrophi 1 i ci ty , 
30 particularly where the biological functional equivalent 




prcieir. cr peptide thereby created is intended for use 
in immunological embodiments, as in the present case. 

U.S. Patent 4,554,111, the disclosure of 
which are incorporated herein by reference, states that 
5 the greatest local average hydrophi 1 ici ty of a protein, 
as governed by the hydrophilicity of its adjacent amino 
acids, correlates with its immuriogenici ty and 
antigenicity, i.e. with a biological property of the 
protein . 

10 As detailed in U.S. Patent 4,554,101, the 

following hydrophilicity values have been assigned to 
amino acid residues: arginine (+3.0); lysine (+3.0); 
aspartate (+3.0 + 1); glutamate (+3.0 ± 1); serine 
(+0.3); asparagine (+0.2); glutamine (+0.2); glycine 

15 (0); threonine (-0.4); proline (-0.5 ± 1); alanine 

(-0.5); histidine (-0.5); cysteine (-1.0); methionine 
(-1.3); valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); 
tryptophan (-3.4) . 

20 In making changes based upon similar 

hydrophilicity values, the substitution of amino acids 
whose hydrophilicity values are within ±2 is preferred, 
those which are within ±1 are particularly preferred, 
and those within ±0.5 are even more particularly 

25 preferred . 

U.S. Patent 4,554,101 also teaches the 
identification and preparation of epitopes from primary 
amino acid sequences on the basis of hydrophilicity. 
Through the methods disclcsed in U.S. Patent 4,554,101 
30 one of skill in the art wculd be able to identify 

epitopes from within an amino acid sequence such as the 
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sT::?Rs sequences disclosed herein. These regions are 
also referred tc as "epitopic core regions" . 

Numercus scientific publications have been 
devoted to the prediction of secondary structure, and 
5 to the identification of epitopes, from analyses of 
ammo acid sequences (Chou and Fasman (1974), 
Biochemistry, 13 (2) :222-245; Chou and Fasman, 
Biochemistry, 113 ( 2 ) : 2 1 1 - 2 2 2 ; Chou and Fasman (1978), 
Adv. Enzymol . Relat. Areas Mol . Biol., 42:45-148; Chou 

10 and Fasman, Ann. Re\ r . Biochem. , 4^7:251-276 and Chou and 
Fasman (1979), Biophys . J., 26:367-384, the disclosures 
of which are incorporated herein by reference) . 
Moreover, computer programs are currently available to 
assist with predicting antigenic portions and epitopic 

15 core regions of proteins. Examples include those 

programs based upon the Jameson- Wc 1 f analysis (Jameson 
and Wolf (1998), Comput. Appl . Biosci . , 4(1) : 181-186 
and Wolf et al . (1983), Comput. Appl. Biosci., 
4(1) : 1 8 7 - 1 9 1 , the disclosures of which are incorporated 

20 herein by reference), the program PepPlot" (Brutlag et 
al . (1990) CABS , _6:237-245 and Weinberger et al . 
(1985), Science, 228 :740-742, the disclosures of which 
are incorporated herein by reference), and other new 
programs for protein tertiary structure prediction 

25 (Fetrow and Bryant (1993), BIOTECHNOLOGY, 11 : 479-483 , 
the disclosure of which are incorporated herein by 
reference) . 

Conservative modifications to the amino acid 
sequences (and the corresponding modifications to the 
30 encoding nucleic acid sequences) of the truncated sTNFR 
molecules described herein are expected to produce 




proteins having similar functional and chemical 
characteristics to the modified protein. 

in contrast, substantial modifications in the 
functional and/or chemical characteristics of the 
5 truncated sTNrR molecules described herein may be 

accomplished by selecting substitutions that differ 
significantly in their effect on maintaining (a) the 
structure o-f the polypeptide backbone in the area of 
the substitution, for example, as a sheet or helical 
10 conformation, (b) the charge or hydrophobic ity of the 
protein at the target site or (c) the bulk of the side 
chain. Nat ural ly- occurring residues are divided into 
groups based on common side chain properties: 

1) hydro-phobic : norleucine, Met, Ala, Val , Leu, 
15 I 1 e ; 

2) neutral hydro-phi 1 i c : Cys , Ser, Thr ; 
3.) acidic: Asp, Glu; 

4) basic: Asn, Gin, His, Lys , Arg ; 

5) residues that influence chain orientation: Gly, 
2 0 Pro; and 

6) aromatic: Trp, Tyr , Phe . 

Non- conservative substitutions may involve 
the exchange of a member of one of these groups for 
another. Such substituted residues may be introduced 

25 into regions of the truncated sTNFR molecules described 
herein that are homologous or non- homo logous with other 
NGF/TNF receptor family members. 

Specific mutations of the sequences of the 
truncated sTNFF molecules described herein may involve 

30 substitution c>f a non-native amino acid at the 

N- terminus, C- terminus or at any site of the protein 



O- linked carbohydrate. Su:h mc di f i can ions may be of 
particular utility, such as in the addition of an amino 
arid (e.g., cysteine) , which is advantageous for the 
linking of a water soluble polymer to form a 
derivative, as described below. See, for example, 

Figure 5 wherein natural ly - c ecur ring Asn lu5 of the 
sTNFR-I is changed to Cys to facilitate the attachment 
of a polyethylene glycol molecule (Example I) . 

Further, the sequences of the truncated sTNFR 
molecules described herein may be modified to add 
glycosylat ion sites or to delete N-linked or O-linked 
glycosylat ion sites. An asparagine - 1 inked 
glycosylat ion recognition site comprises a tripeptide 
sequence which is specifically recognized by 
appropriate cellular glycosylat ion enzymes. These 
tripeptide sequences are either Asn-Xaa-Thr or Asn-Xaa- 
Ser, where Xaa can be any amino acid other than Pro. 
Proven or predicted asparagine residues of sTNFR-I 
exist at positions 14, 105 and 111. Proven or 
predicted asparagine residues of sTNFR-II exist at 
positions 149 and 171. A variety of amino acid 
substitutions or deletions may be made to modify or add 
N-linked or 0-1 inked glycosylat ion sites, resulting in 
a protein with altered glycosylat ion . 

In a specific embodiment, the variants are 
substantially homologous to the ammo acid sequences of 
the truncated sTNFR molecules described herein. The 
term "substantially homologous" as used herein means a 
degree of homology that is preferably in excess of 70%, 
more preferably in excess of &C%, even mere preferably 




m excess of 90% or most preferably even 95%. The 
percentage of homology as described herein is 
calculated as the percentage of amino acid residues 
found in the smal 1 er of the two sequences which al ign 
5 with identical amino acid residues in the sequence 

being compared when four gaps in a length of 100 amino 
acids may be introduced to assist in that alignment, as 
set forth by Dayhoff (1972), in Atlas of Protein 
Sequence and Structure, 5:124, National Biochemical 

10 Research Foundation, Washington, D.C., the disclosure 
of which is hereby incorporated by reference. Also 
included as substantially homologous are truncated 
sTNFRs which may be isolated by virtue of 
cross-reactivity with antibodies to the amino acid 

15 sequences of SEQ ID NO : 2 and SEQ ID NO: 16, 

respectively, or whose genes may be isolated through 
hybridization with the DNA of SEQ ID NO : 1 or SEQ ID 
NO: 28 or with segments thereof. 

Exemplary sTNFRs of the present invent ion 

20 include the following molecules: sTNFR-I 2.6D/C105; 

sTNFR-I 2.6D/C106; sTNFR-I 2.6D/N105; sTNFR-I 2 . 3D/d8 ; 
sTNFR-I 2.3D/dl3; and sTNFR- I 2.3D/dl5, either 
methionyiated or nonmethionylated , and variants and 
derivatives thereof . 

2 5 The production of variant truncated sTNFRs is 

described in further detail below. Such variants may 
be prepared by introducing appropriate nucleotide 
changes into the DNA encoding the truncated sTNFRs or 
by in vitro chemical synthesis of the desired truncated 

30 sTNFRs. It will be appreciated by those skilled in the 
art that many combinations of deletions, insertions and 




substitutions can be ^.ade, provided that the final 
truncated sTNFRs are biologically active. 

.Mutagenesis techniques for the replacement, 
insertion or deletion cf one or more selected amino 
5 acid residues are well known to one skilled in the art 
(e.g., U.S. Pat. No. 4,515,534, the disclosure of 
which is hereby incorporated by reference) . There are 
two principal variables in the construction of each 
amino acid sequence variant, the location of the 

10 mutation site and the nature of the mutation. In 

designing each variant, the location of each mutation 
site and the nature of the mutation will depend on the 
biochemical characteristic (s) to be modified. Each 
mutation site can be modified individually or in 

15 series, e.g., by (1) substituting first with 

conservative amino acid choices and then with more 
radical selections, depending upon the results 
achieved, (2) deleting the target amino acid residue or 
(3) inserting amino acid residues adjacent to the 

20 located site. 

Chemically modified derivatives of truncated 
sTNFRs may be prepared by one skilled in the art, given 
the disclosures herein. Conjugates may be prepared 
using glycosylated, non-glycosy 1 ated or de -glycosylated 

25 truncated sTNFRs. Typically, non - glycosy 1 at ed 

truncated sTNFRs will be used. Suitable chemical 
moieties for derivat l zat ion of truncated sTNFRs include 
water soluble polymers. 

Water soluble polymers are desirable because 

3 0 the protein to which each is attached will not 

precipitate in an aqueous environment, suoh as a 




physiological er:v:rcore^t . Preferably, the polymer 
will be pharr.aceut ical ly acceptable for the preparation 
of a therapeutic product cr composition. One skilled 
in the art will be able to select the desired polymer 
5 based on such considerations as whether the 

polymer/protein conjugate will be used therapeutically 
and, if so, the desired do-sage, circulation time and 
resistance to proteolysis. 

Suitable, clinically acceptable, water 

10 soluble polymers include, but are not limited to, 
polyethylene glycod ( FEG ) , polyethylene glycol 
propionaldehyde , copolymers of ethylene 
glycol /propylene glycol , monomet hoxy- polyethylene 
glycol , carboxymethylcellulose , dextran, polyvinyl 

15 alcohol (PVA), polyvinyl pyrrolidone, poly-1, 

3 -dioxolane, poly- 1,3, 6-trioxane, ethylene/maleic 
anhydride copolymer, poly (P -amino acids) (either 
homopolymers or random copolymers) , poly(n-vinyl 
pyrrol idone) polyethylene glycol , pr ©propylene glycol 

2 0 homopolymers (PPG) and other polyakylene oxides, 
polypropylene oxide/et hylene oxide copolymers , 
polyoxyethylated polyols (POG) (e.g., glycerol) and 
other polyoxy ethyl at ed polyols , polyoxyethylated 
sorbitol, or polyoxyethylated glucose, colonic acids 

2 5 or other carbohydrate polymers, Ficoll or dextran and 
mixtures thereof . 

As used herein, polyethylene glycol is meant 
to encompass any of the forms that have been used to 
derivatize other proteins, such as mono - ( C 1 - C 1 0 ) 

30 alkoxy- or aryl oxy - polye t hyl ene glycol. Polyethylene 




glycol prccicnaldehyde T.ay have advantages in 
manufacturing due tc its stability in water. 

The water soluble polymers each may be of any 
molecular weight and may be branched cr unbranched. 
5 The water soluble polymers each typically have an 

average molecular weight of between about 2kDa to about 
ICOkDa (the term "about" indicating that in 
preparations of a water soluble polymer, some molecules 
will weigh more, some less, than the stated molecular 
10 weight) . The average molecular weight of each water 
soluble polymer preferably is between about 5kDa and 
about 50kDa, more preferably between about 12kDa and 
about 4 0kDa and most preferably between about 2 0kDa and 
about 3 5kDa. 

15 Generally, the higher the molecular weight or 

the more branches, the higher the polymer : protein 
ratio. Other sizes may be used, depending on the 
desired therapeutic profile (e.g., the duration of 
sustained release; the effects, if any, on biological 

20 activity; the ease in handling; the degree or lack of 

antigenicity and other known effects of a water soluble 
polymer on a therapeutic protein) . 

The water soluble polymers each should be 
attached to the protein with consideration of effects 

25 on functional or antigenic domains of the protein. In 
general, chemical de r i vat i zat ion may be performed under 
any suitable condition used to react a protein with an 
activated polymer molecule. Activating groups which 
can be used to link the water soluble polymer to one or 

30 more proteins include the fallowing: sulfone, 




maleimide, sulfhydryl, thiol, trif late, tresylate, 
azidirme, cxirane and 5-pyridyI. 

The water soluble polymers each are generally 
attached to the protein at the a- or c-ammo groups of 
5 amino acids or a reactive thiol group, but it is also- 
contemplated that a water soluble group could be 
attached to any reactive group of the protein which is 
sufficiently reactive to become attached to a water 
soluble group under suitable reaction conditions. 

10 Thus, a water soluble polymer may be covalently bound 

to a protein via a reactive group, such as a free amino 
or carboxyl group. The amino acid residues having a 
free amino group may include lysine residues and the 
N- terminal amino acid residue. Those having a free 

15 carboxyl group may include aspartic acid residues, 

glutamic acid residues and the C-terminal amino acid 
residue. Those having a reactive thiol group include 
cysteine residues. 

Methods for preparing proteins conjugated 

20 with water soluble polymers will each generally 

comprise the steps of (a) reacting a protein with a 
water soluble polymer under conditions whereby the 
protein becomes attached to one or more water soluble 
polymers and (b) obtaining the reaction product. 

25 Reaction conditions for each conjugation ma Y be 

selected from any of those known in the art or those 
subsequently developed, but shculd be selected to avoid 
or limit exposure to reaction conditions such as 
temperatures, solvents and pH levels that would 

30 inactivate the protein to be modified. In general, the 
optimal rea:tion renditions for the reactions will be 
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determined case -by- case based en known parameters and 
the desired result. For example, the larger the ratio 
of water soluble polymer protein conjugate, the greater 
the percentage of conjugated product . The optimum 
5 ratio (in terms of efficiency of reaction in that there 
is no excess unreached prctem or polymer) may be 
determined by factors such as the desired degree of 
derivatizat ion (e.g., mono-, di-, tri- , etc.), the 
molecular weight of the polymer selected, whether the 

10 polymer is branched or unbrancned and the reaction 

conditions used. The ratio of water soluble polymer 
(e.g., PEG) to protein will generally range from 1:1 to 
100:1. One or more purified conjugates may be prepared 
from each mixture by standard purification techniques, 

15 including among others, dialysis, sal ting -out, 

ul t raf i 1 1 rat ion , ion -exchange chromatography, gel 
f i It rat ion chromatography and electrophoresis . 

One may specifically desire an N-terminal 
chemically modified protein. One may select a water 

20 soluble polymer by molecular weight, branching, etc., 
the proportion of water soluble polymers to protein 
(or peptide) molecules in the reaction mix, the type of 
reaction to be performed, and the method of obtaining 
the selected N-terminal chemically modified protein. 

25 The method of obtaining the N-terminal chemically 

modified protein preparation (i.e., separating this 
moiety from other monoder i vat i zed moieties if 
necessary) may be by purification of the N-terminal 
chemically modified protein material from a population 

30 of chemically modified protein molecules. Selective 

N-termmal chemical modification may be accomplished by 
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r e du ctive a 1 ky Ia:icn wh ;ch e xp loirs differential 
react: ivi:y of different types of primary amino groups 
(lysine versus the N- terminal ) available for 
derivat izat ion m a particular protein. Under the 
5 appropriate reaction conditions, substantially 

selective derivatization of the protein at the N- 
terminus with a carbonyl group containing polymer is 
achieved. For example, one may selectively attach a 
water soluble polymer to the N-terminus of the protein 

10 by performing the reaction at a pH which allows one to 
take advantage of the pKa differences between the e- 
amino group of the lysine residues and that of the ex- 
amine group of the X- terminal residue of the protein. 
By such selective derivatization, attachment of a water 

15 soluble polymer to a protein is controlled: the 

conjugation with the polymer takes place predominantly 
at the N-terminus o>f the protein and no significant 
modification of other reactive groups, such as the 
lysine side chain amino groups, occurs . Using 

20 reductive alkylation, the water soluble polymer may be 
of the type described above and should have a single 
reactive aldehyde for coupling to- the protein. 
Polyethylene glycol propionaldehyde , containing a 
single reactive aldehyde, may be used. 

25 The present invention specifically 

contemplates the chemically derivat ized protein to 
include mono- or poly- (e.g., 2-4) PEG moieties. 
Pegylation may be carried out by any of the pegylation 
reactions known in the art. Methods for preparing a 

30 pegylated protein product will generally comprise the 
steps of (a) reacting a protein product with 
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p o I ye t hy lene g 1 y c c 1 ( such as a react: ve ester c r 
aldehyde derivative of PEG) under conditions whereby 
the prctein becomes attached t: one or more PEG groups 
and (b) obtaining the reaction product (s) . In general, 
5 the cptimal reaction ccnditicns for the reactions will 
be determined case-by-case based on known parameters 
and the desired result . 

There are a number of attachment methods 
available to those skilled in the art. See, for 

10 example, EP 0 401 384, the disclosure of which is 

hereby incorporated by reference; see also, Malik et 
al . (1992), Exp. Hematol . , 2_C : 1 02 8 - 1 03 5 ; Francis 
(1992), Focus on Growth Factors, 3(2) :4-lC, (published 
by Medi script, Mountain Court, Friern Barnet Lane, 

15 London N2 0 OLD, UK); EP 0 154 316; EP 0 401 384; 

WO 92/16221; WO 95/34326; and the other publications 
cited herein that relate to pegylation, the disclosures 
of which are hereby incorporated by reference. 

The pegylation specifically may be carried 

20 out via an acylation reaction or an alkylation reaction 
with a reactive polyethylene glycol molecule. Thus, 
protein products according to the present invention 
include pegylated proteins wherein the PEG group (s) is 
(are) attached via acyl or alkyl groups. Such products 

25 may be mono -pegyl ated or poly-pegy 1 ated (e.g., 

containing 2-6, and preferably 2-5, PEG groups) . The 
PEG groups are generally attached to the protein at the 
a- or c- ami no groups of amino acids, but it is also 
contemplated that the PS 3 groups could be attached to 

30 any amine group attached to the protein which is 




sufficiently reactive :c become attached to a PEG group 
under suitable reaction conditions. 

Pegylation by acyiaticn generally involves 
reacting an active ester derivative of polyethylene 
5 glycol (PEG) with :he protein. For the acylation 

reactions, :he polymer (s) selected should have a single 
reactive ester group. Any known or subsequently 
discovered reactive PEG molecule may be used to carry 
out the pegylatic-n reaction. A preferred activated PEG 

10 ester is PEG esterified to N-hydroxysuccimmide (NHS) . 
As used herein, "acylation" is contemplated to include, 
without limitation, the following types of linkages 
between the therapeutic protein and a water soluble 
polymer such as PEG: amide, carbamate, urethane, and 

15 the like (see Chamow (1994), Bioconjugate Chem., 

5(2) : 1 3 3 - 1 4 0 , the disclosure of which are incorporated 
herein by reference) . Reaction conditions may be 
selected from any of those known in the pegylation art 
or those subsequently developed, but should avoid 

2 0 conditions such as temperature, solvent and pH that 
would inactivate the protein to be modified. 

Pegylation by acylation will generally result 
in a poly-pegy lated protein. Preferably, the 
connecting linkage will be an amide. Also preferably, 

25 the resulting product will be substantially only (e.g., 
> 95%) mono, di- or t r i -pegylated . However, some 
species with higher degrees of pegylation may be formed 
in amounts depending on the specific reaction 
conditions used. If desireu, more purified pegylated 

30 species may be separated from the mixture '-.particularly 
unreacted species) by standard purification techniques, 




including among others, dialysis, salting-cut, 
ultrafiltration, ion- exchange chromatography, gel 
f 1 Itrat ion chrcmac c grap hy and electrophoresis . 

Pegylaticn by alkylation generally involves 
5 reacting a terminal aldehyde derivative of PEG with the 
protein in the presence of a reducing agent . For the 
reductive alkylation reaction, the polymer (s) selected 
should have a single reactive aldehyde group. An 
exemplary reactive PEG aldehyde is polyethylene glycol 

10 propionaldehyde , which is water stable, or mono C1-C10 
alkoxy or aryloxy derivatives thereof (see, U.S. Patent 
5,252,714, the disclosure of which are incorporated 
herein by reference) - 

Pegylaticn icy alkylation can also result in 

15 poly-pegylated protein. In addition, one can 

manipulate the reaction conditions to substantially 
favor pegylaticn only at the a -amino group of the 
N-terminus of the protein (i.e., a mono-pegylated 
protein) . In either case of monopegylation or 

20 polypegylat ion, the PEG groups are preferably attached 
to the protein via a -CH2-NH- group. With particular 
reference to the -CH2- group, this type of linkage is 
referred to herein as an "alkyl" linkage. 

Reductive alkylation to produce a 

25 substantially homogeneous population of mono -polymer/ 
protein pro-duct will generally comprise the steps of: 
(a) reacting a protein with a reactive PEG molecule 
under reductive alkylation conditions, at a pH suitable 
tc permit selective modification of the a- amino group 

30 at the ammo terminus of said protein and (b) obtaining 
the reaction product (s) . Der 1 va 1 1 zat 1 on via reductive 



aikylation to produce a monopegylated product exploits 
pKa differences between the lysine amine groups and the 
u-ammo group at the N-terminus (the pKa being the pH 
at which 5 0% of the amino groups are prctcnated and 5 0% 
5 are not) . 

The reaction is performed at a p^H which 
allows one to take advantage of the pKa differences 
between the c-ammo groups of the lysine residues and 
that of the a amino group of the N- terminal residue of 

10 the protein. In general, if the pH is lower, a larger 
excess of polymer to protein will be desired (i.e., the 
less reactive the N-terminal a -ami no group, the more 
polymer needed to achieve optimal conditions) . If the 
pH is higher, the polymer : protein ratio need not be as 

15 large (i.e., more reactive groups are available, so 

fewer polymer molecules are needed) . For purposes of 
the present invention, the pH will generally fall 
within the range of 3-9, preferably 3-6. For the 
reductive alkylation, the reducing agent should be 

20 stable in aqueous solution and preferably be able to 
reduce only the Schiff base formed in the initial 
process of reductive alkylation. Suitable reducing 
agents may be selected from sodium borohydride, sodium 
cyanoborohydride , dime thy 1 amine borane , t rime thy 1 amine 

25 borane and pyridine borane. A particularly suitable 
reducing agent is sodium cyanoborohydride. Other 
reaction parameters such as solvent, reaction times, 
temperatures and means of purification of products can 
be determined case - by- case , based on the published 

30 information relating to der ivat i zat ion of proteins with 
water soluble p o 1 yme r s . 
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3y such select: ve der:va::zac:on ( attac hme n t 
of a water soluble polymer (that contains a reactive 
group such as an aldehyde) to a protein is controlled: 
the conjugation with the polymer takes place 
5 predominantly at the N- terminus of the protein and no 

significant modification of other reactive groups, such 
as the lysine side chain amino groups, occurs. The 
preparation will typically be greater than 90% 
monopolymer/prot em conjugate, and more typically 

10 greater than 9E% monopolymer /prot e i n conjugate, with 
the remainder of observable molecules being unreached 
(i.e., protein lacking the polymer moiety) . 

A specific embodiment of the present 
invention is an unbranched monome t hoxy - po 1 y e : hylene 

15 glycol aldehyde molecule having an average molecular 
weight of either about 20kDa or about 33kDa (e.g., 
between 30kDa and 35kDa), or a tertiary-butyl 
polyethylene glycol aldehyde having an average 
molecular weight of about 33kDa (e.g., between 30kDa 

20 and 35kDa) conjugated via reductive alkylation to 
sTNFR-I 2 . 6D/N1C5 . 

The pegylation also may specifically be 
carried out via water soluble polymers having at least 
one reactive hydroxy group (e.g. polyethylene glycol) 

25 can be reacted with a reagent having a reactive 

carbonyl, mtrile or sulfone group to convert the 
hydrcxyl group into a reactive Michael acceptor, 
thereby forming an "activated linker" useful in 
modifying various proteins to provide improved 

30 biologically- act ive conjugates. "Reactive carbonyl, 
nitrile or sulfone" means a carbonyl, nitrile or 




sulfcne group zo v;hich a two carbon group is bonded 
having a reactive site for z hiol - spec i f i c coupling on 
the second carbon from the carbonyl , nit rile or sulfone 
group (WO 92/16221) . 
5 The activated linkers can be monof unct icnal , 

bi functional , or multifunctional. Useful reagents 
having a reactive sulfone group that can be used in the 
methods include , without 1 1 mi tat ion , chlorosul f one , 
vinyl sul f one and divinylsul f one . 

10 In a specific embodiment, the water 

soluble polymer is activated with a Michael acceptor. 
WO 9^/13312 describes, inter alia, water soluble 
sulf one-act ivated ?EGs which are highly selective for 
coupling with thiol moieties instead of amino moieties 

15 on molecules and on surfaces. These PEG derivatives 
are stable against hydrolysis for extended periods in 
aqueous environments at pHs of about 11 or less, and 
can form linkages with molecules to form conjugates 
which are also hydrolyt ical ly stable. The linkage by 

20 which the PEGs and the biologically active molecule are 
coupled inc ludes a sul f one moiety coupled to a thiol 
moiety and has the structure PEG- SO 2 - CH2 - CH2 - S - W , where 
W represents the biologically active molecule, and 
wherein the sulfone moiety is vinyl sulfone or an 

25 active ethyl sulfone. Two particularly useful 

homobi f unct ional der lvat 1 ves are PEG- bi s- chlorosul f one 
and PEG- bi s -vinyl sul f one . 

PCT International Application No. US96/19459, 
the disclosure of which is hereby inc orporat ed by 

30 reference, teaches methods of making sul f one - act ivated 
linkers by obtaining a compound having a reactive 




hydroxy! group and converting the hydroxy! group to a 
reactive Michael acceptor tc form an activated linker, 
with the use of tet rahydrof uran (THF) as the solvent 
for the conversion. PCT International Application No. 
5 US96/19459, the disclosure of which is hereby 

incorporated by reference, teaches a process for 
purifying the activated linkers which utilizes 
hydrophobic interaction chromatography to separate the 
linkers based on size and end-group functionality. 

10 Specifically, the present invention 

contemplates the foil owing prokaryot e - expressed 
molecules chemically derivatized to include mono- or 
poly- (e.g., 2-4) PEG moieties: sTNFR- I 2.6D/C105, 
sTNFR-I 2.6D/C106, sTNFR - I 2.6D/N105, sTNFR-I 2 . 3D/d8 , 

15 sTNFR-I 2.3D/dl3 and sTNFR-I 2.3D/dl5, either 

methionylated or nonmet hiony lated , and variants and 
derivatives thereof . 

Polyvalent Form ( s ) 

2 0 Polyvalent form(s), i.e., molecules 

comprising more than one active moiety, may be 
constructed. In one embodiment, the molecule may 
possess multiple tumor necrosis factor binding sites 
for the TNF ligand (e.g., a combination of a truncated 

25 sTNFR product). Additionally, the molecule may possess 
at least one tumor necrosis factor binding site and, 
depending upon the desired characteristic of polyvalent 
form, at least one binding site of another molecule 
(e.g., a combination of at least one truncated sTNFR 

30 product and at least one interleukin- 1 receptor 
antagonist \ "XL- Ira") , as described below) . 




I n o ne e rr.b cdiT.en: , the p o 1 yva lent fo r m rr.ay be 
constructed, for example, by chemically coupling at 
least one truncated sTNFR product and another moiety, 
preferably another truncated sTNFR product, with any 
5 clinically acceptable linker (e.g., water-soluble 

polymer, as described above) . In principle the linker 
should not impart new immune gen i ci ty nor, by virtue of 
the new amino acid residues, alter the hydrophobicity 
and charge balance of the structure to del eteriously 

10 affect its biodi s t r i but i on and clearance. 

Such polymers when used as linkers can be 
homopolymers , randem or block copolymers and 
t erpolymers based on the monomers 1 is ted above , 
straight chain or branched, substituted or 

15 unsubst ituted . The polymer can be of any length or 

molecular weight, but these characteristics can affect 
the biological properties. Polymer average molecular 
weights particularly useful for decreasing clearance 
rates in pharmaceutical applications are in the range 

20 of 2,000 to 35,000 daltons. In addition, the length of 
the polymer can be varied to optimize or confer the 
desired biological activity. 

Activating groups which can be used to link 
the water soluble polymer to two or more proteins 

25 include the following: sulfone, maleimide, sulfhydryl, 
thiol, trif late, tresylate, azidirine, oxirane and 
5 -pyr idy 1 . 

In a specific embodiment, a bi functional or 
multifunctional activated linker having at least one 
3 0 reactive Michael accepter may be prepared in accordance 
with United States Patent Application No. 08/473,809 
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and purified in accordance with United Siaces Patent 
Appl icat ion No . 0 3/611,913. 

The active moieties may be linked using 
ccnventicnal coupling techniques (see PCT Publication 
5 Nc . WO 92/16221 and PCT Publication No. WO 95/34326, 
the disclosures of which are hereby incorporated by 
reference) . Furthermore, PCT Publication No. WO 
92/16221 describes the preparation of various dimerized 
sTNFR-I inhibitor molecules, e.g., dimerized cl05 

10 sTNFR-I. An exemplary polyvalent tumor necrosis factor 
binding proteins having the formula (sTNFR-I 
2 . 6D/C106) 2 - (20kDa PEG) , is disclosed in Example I. 

Alternatively, a bivalent molecule may 
consist of two tandem repeats of truncated sTNFR 

15 products separated by a polypeptide linker region. The 
design of the polypeptide linkers is similar in design 
to the insertion of short loop sequences between 
domains in the de no\ r o design of proteins (Mutter 
(1983), TIBS, 13:260-265 and Regan and DeGrado (1988), 

20 Science, 24_1 : 976 - 973 , the disclosures of which are 

hereby incorporated by reference) . It has been shown 
that a linker suitable for single chain antibodies is 
effective to produce a dimeric form of the recombinant 
human sTNFR-II (Neve et al . (1996), Cytokine, 8 (5) : 365- 

25 370, the disclosure of which is hereby incorporated by 
reference) . Several different linker constructs have 
been assembled and shown to be useful for antibodies; 
the most functional linkers vary in size from 12 to 25 
amino acids (amino acids having unreactive side groups, 

30 e.g., alanine, serine and glycine) which together 
constitute a hyirophili: sequence, have a few 




oppositely charged residues :c enhance solubility and 
are flexible (Whitlow and Filpula (1991), Methods: A 
Companion to Methods in Enzymology, 2:97-105 and 
Brigido e: al . (1993), J . Immunol., 15 0 :459-479, the 
5 disclosures of which are hereby incorporated by 
re f erence ) . 

In another embodiment, truncated sTNFRs may 
be chemically coupled to bictin, and the 
biot in/ truncated sTNFRs which are conjugated are then 

10 allowed to bind to avidin, resulting in tetravalent 
avi din/ biot in/ truncated sTNFR molecules . Truncated 
sTNFRs may also be covalently coupled to dini t rophenol 
(DNP) or trinit rophenol (TNP) and the resulting 
conjugates precipitated with anti-DNP or anti-TNP-IgM 

15 to form decameric conjugates with a valency of 10 for 
TNF binding sites. 

In yet another embodiment, recombinant fusion 
proteins may also be produced having a truncated sTNFR 
wherein each recombinant chimeric molecule has a sTNFR 

2 0 sequence, as described above, substituted for the 
variable domains of either or both of the 
immunoglobulin molecule heavy and light chains and 
having all or parts of the constant domains, but at 
least one constant domain, of the heavy or light chain 

25 of human immunoglobulin. For example, each such 

chimeric truncated sTNFR/lgGl fusion protein may be 
produced from two chimeric genes: a truncated 
sTNFR/human kappa light chain chimera (truncated 
sTNFR/Ck) and a truncated sTNFR/human gamma- 1 heavy 

30 chain chimera (truncated sTXFR/Cg-1). Following 
transcription and translation of the two chimeric 





genes, as described 



o e ^ cw , 



:r.e gene products may be 



assembled into a single chimeric molecule having a 
truncated sTNFR displayed oivalently. Additional 
details relating to the construction of such chimeric 
5 molecules are disclosed in United States Patent 
5,116,964, PCT Publication No. WO 89/09622, PCT 
Publication No. WO 91/16437 and EP 315062, the 
disclosures of which are hereby incorporated by 
reference . 

10 In yet a still further embodiment, 

recombinant fusion proteins may also be produced having 
a truncated sTNFR wherein each recombinant chimeric 
molecule has a sTNFR sequence, as described above, and 
at least a portion of the region 186-401 of 

15 osteoprotegerin (OPG) , as described in European Patent 
Application No. 96309363.8. 

P o 1 ynu cleo tides 



2 0 polynucleotides which encode truncated sTNFRs . Based 
upon the present description and using the universal 
codon table, one of ordinary skill in the art can 
readily determine all of the nucleic acid sequences 
which encode the amino acid sequences of truncated 

25 sTNFRs . Presently preferred nucleic acid sequences 
include those polynucleotides encoding sTNFR-I 
2.6D/C105, sTNFR- I 2.6D/C106, sTNFR-I 2.6D/N105, sTNFR- 
I 2.3D/d8, sTNFR-I 2.3D/dlS and sTNFR-I 2.3D/dl5. 
Examples of a variety of polynucleotides are depicted 

30 in Figures 2, 3, 4, 5, 6 and 7. 



The present invention further provides 



Recombinant expression techniques conducted 
on accordance with the descriptions set forth below may 
be followed to produce these polynucleotides and to 
express the encoded proteins. For example, by 
5 inserting a nucleic acid sequence which encodes a 

truncated sTNFR into an appropriate vector, one skilled 
in the art can readily produce large quantities of the 
desired nucleotide sequence. The sequences can then be 
used to generate detection probes or amplification 

10 primers. Alternatively, a polynucleotide encoding a 
truncated sTNFR can be inserted into an expression 
vector. 3y introducing the expression vector into an 
appropriate host, the desired truncated sTNFR may be 
produced in large amounts. 

15 As further described herein, there are 

numerous host/vector systems available for the 
propagation of desired nucleic acid sequences and/or 
the production of truncated sTNFRs . These include but 
are not limited to plasmid, viral and insert ional 

20 vectors, and prokaryotic and eukaryotic hosts. One 

skilled in the art can adapt a host/vector system which 
is capable of propagating or expressing heterologous 
DNA to produce or express the sequences of the present 
invent i on . 

25 Furthermore, it will be appreciated by those 

skilled in the art that, in view of the present 
disclosure, the novel nucleic acid sequences include 
degenerate nucleic acid sequences encoding truncated 
sTNFRs having the sequences set forth in the Figures, 

3 0 and those nucleic acid sequences which hybridize 

(preferably under stringent hybridization conditions) 




to complements of these nucleic acid sequences 
(Kaniatis et al . (1982), Molecular Cloning (A 
Laboratory Manual}, Ccld Spring Harbor Laboratory, 
pages 3c7 to 3 8 9'. Exemplary stringent hybridization 
5 conditions are hybridization in 4 x SSC at 62-67°C, 
followed by washing m 0.1 x SSC at 62-67°C for 
approximately an hour. Alternatively, exemplary 
stringent hybridization conditions are hybridization in 
45-55% formamide, 4 x SSC at 40-45°C. Also included 

10 are E>NA sequences which hybridize to the nucleic acid 
sequences set forth in Figures 1 and 9 under relaxed 
hybridization conditions and which encode truncated 
sTNFRs . Examples of such relaxed stringency 
hybridization conditions are 4 x SSC at 45-55°C or 

15 hybridization with 30-40% formamide at 40-45°C. 

Also provided by the present invention are 
recombinant DNA constructs involving vector DNA 
together with the DNA sequences encoding truncated 
sTNFRs . In each such DNA construct, the nucleic acid 

2 0 sequence encoding a truncated sTNFR (with or without 
signal peptides) is in operative association with a 
suitable expression control or regulatory sequence 
capable of directing the replication and/or expression 
of the truncated sTNFR in a selected host. 

25 

Recom b inant Expres s ion 

Preparatio n of Polynucleot ides 
Nucleic acid sequences encoding truncated 
sTNFRs can readily be obtained in a variety of ways 
30 including, without limitation, chemical synthesis, cDNA 
or genomic library screening, expression library 




screening and/or PGR amplification cf cDICA . These 
methods and others which are useful for isolating such 
nucleic acid sequences are set forth m Sambrook et 
ai . , Molecular Cloning: A Laboratory- Manual, Cold 
5 Spring Harbor Laboratory Press, Cold Spring Harbor, NY , 
(1989'); by Ausubel et al . , eds Current Protocols in 
Molecular Biology, Current Protocols Press, (1994); and 
by Berger and Kimmel, Methods in Enzymology r : Guide to 
Molecular Cloning Techniques, Vol. 152, Academic Press, 

10 Inc., San Diego, CA, (1937), the disclosures of which 
are hereby incorporated by reference. 

Chemical synthesis of nucleic acid sequences 
which encode truncated sTNFRs can be accomplished 
us ing methods wel 1 known in the art, such as those set 

15 forth by Engels et al . (1989), Angew . Chem. Intl. Ed., 
28.:716-734 and Wells et al . (1985), Gene, 3_4 : 3 1 5 , the 
disclosures of which are hereby incorporated by 
reference. These methods include, inter alia, the 
phosphotr iester , phosphoramidite and H-phosphonate 

20 methods of nucleic acid sequence synthesis. Large 

nucleic acid sequences, for example those larger than 
about 100 nucleotides in length, can be synthesized 
as several fragments . The fragments can then be 
ligated together to form nucleic acid sequences 

2 5 encoding truncated sTNFRs . A preferred method is 
polymer- supported synthesis using standard 
phcsphoramidi te chemist ry . 

Alternatively, a suitable nucleic acid 
sequence may be obtained by screening an appropriate 

3C cDNA library (i.e., a library prepared from one or more 
tissue source believed tc express the protein) or a 




- 53 - 

qenomic library v a library prepared from rcral genomic 
DNA) . The source of the cDIJA library is typically a 
tissue from any species that is believed to express a 
desired pre tern m reasonable quantities. The source 
5 of the genomic library may be any tissue or tissues 

from any mammalian or other species believed to harbor 
a gene encoding a truncated sTNFR. 

Hybridization mediums can be screened for the 
presence of a DNA encoding a truncated sTNrR using one 

10 or more nucleic acid probes (oligonucleotides, cDNA or 
genomic DNA fragments that possess an acceptable level 
of homology to the cDNA or gene to be cloned) that will 
hybridize selectively with cDNA(s) or gene(s) present 
in the library. The probes typically used for such 

15 screening encode a small region of DNA sequence from 

the same or a similar species as the species from which 
the library is prepared. Alternatively, the probes may 
be degenerate, as discussed herein. 

Hybridization is typically accomplished by 

20 annealing the oligonucleotide probe or cDNA to the 
clones under conditions of stringency that prevent 
non-specific binding but permit binding of those clones 
that have a significant level of homology with the 
probe or primer. Typical hybridization and washing 

25 stringency conditions depend in part on the size 

(i.e., number of nucleotides in length) of the cDNA or 
oligonucleotide probe and whether the probe is 
degenerate. The probability of identifying a clone is 
alsc considered in designing the hybridization medium 

30 (e.g., whether a cDNA or genomic library is being 
screened) . 



Where a IXA fragment (such as cDMA) is used 
as a probe, typical hybridization conditions include 
. these as set forth in Ausubel et al . (1994), eds . , 

supra. After hybridization, the hybrization medium is 
5 washed at a suitable stringency depending on several 

factors such as probe size, expected homology of pro-be 
to clone, the hybridization medium being screened, the 
number of clones being screened and the like. Examples 
of stringent washing sclutions, which are usually low 

10 in ionic strength and are used at relatively high 

temperatures, are as follows: one such stringent wash 
is 0.015 M NaCl , 0.005 M NaCitrate and 0.1% SDS at 
55-65°C; another such stringent wash is lmM Na2 EDTA , 
4 0mM NaHP04 , pH 7.2, and 1% SDS at about 4 0-50°C; and 

15 one other stringent wash is C.2 X SSC and 0.1% SDS at 
about 50-65°C. 

There are also exemplary protocols for 
stringent washing conditions where oligonucleotide 
probes are used to screen hybridization mediums. For 

20 example, a first protocol uses 6 X SSC with 0.05 
percent sodium pyrophosphate at a temperature of 
between about 35°C and 63 °C, depending on the length of 
the probe. For example, 14 base probes are washed at 
35-4C°C, 17 base probes at 45-50°C, 20 base probes at 

25 52-57°C, and 23 base probes at 57-63°C. The 

temperature can be increased 2-3°C where the background 
non-specific binding appears high. A second protocol 
uses tetramethylammonium chloride (TMAC) for washing. 
One such stringent washing solution is 3 M TMAC, 50mN 

3 0 Tris-HCl, pH 8.0 and 0.2% SDS. 
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Another suitable method for obtaining a 
suitable nucleic acid sequence is the polymerase chain 
reaction (?CR) . In this method, cDNA is prepared from 
poly(A)+RNA cr total RNA using the enzyme reverse 
5 transcriptase. Two primers, typically complementary to 
twc separate regions of cDNA (oligonucleotides) 
encoding a truncated sTNFR , are then added to the cDNA 
along with a polymerase such as Tag polymerase, and the 
polymerase amplifies the cDNA region between the two 

1 0 primers . 

The oligonucleotide sequences selected as 
probes or primers should be of adequate length and 
sufficiently unambiguous so as to minimize the amount 
of non-specific binding that may occur during screening 
15 or PCR amplification. The actual sequence of the 
probes or primers is usually based on conserved or 
highly homologous sequences or regions. Optionally, 
the probes or primers can be fully or partially 
degenerate, i.e., can contain a mixture of 

2 0 probes/primers, all encoding the same amino acid 

sequence but using different codons to do so. An 
alternative to preparing degenerate probes is to place 
an mosine in some or all of those codon positions that 
vary by species. The oligonucleotide probes or primers 

2 5 may be prepared by chemical synthesis methods for DNA, 
as described above. 

As described above, a variant sequence is a 
natural (e.g., an allelic variation) or synthetic 
sequence that contains one or more nucleotide 

30 substitutions, deletions, and/or insertions as compared 
to the sequence of Figures 2, 3, 4, 5, 6 and 7 and that 




results in the expression of amino acid sequence 
variations as compared to the wild type amino acid 
sequence. Preparation of synthetic variant sequences 
is also well known in the art, and is described, for 
5 example, in Sambrcok et al . (1989), supra and Wells et 
al . (1935), Gene, 3 4_ : 3 1 5 , the disclosure of which is 
hereby incorporated by reference. 

Vecto rs 

10 DNA encoding truncated sTKFRs may be inserted 

into vectors for further cloning (amplification of the 
DNA) or for expression. Suitable vectors are 
commercially available, or the vector may be 
specifically constructed. The selection or 

15 construction of an appropriate vector will depend on 
(1) whether it is to be used for DNA amplification or 
for DNA expression, (2) the size of the DNA to be 
inserted into the vector, and (3) the intended host 
cell to be transformed with the vector. 

20 The vectors each involve a nucleic acid 

sequence which encodes a desired protein operatively 
linked to one or more of the following expression 
control or regulatory sequences capable of directing, 
controlling or otherwise effecting the expression of a 

25 desired protein by a selected host cell. Each vector 
contains various components, depending on its function 
(amplification of DNA or expression of DNA) and its 
compatibility with the intended host cell. The vector 
components generally include but are not limited to one 

3 0 or more of the following: a signal sequence, an origin 
of replication, one or more selection or marker genes, 
promoters, enhancer elements, a transcription 
termination sequence and the like. These components 
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may be obtained from natural sources or be synthesized 
by known procedures . 

Examples of suitable prokaryotic cloning 
vectors include bacteriophages such as lambda 
5 derivatives, or plasrrids from E. coli (e.g. pER322, col 
El, pUC, the ?- factor and Bluescript- 1 plasmid 
derivatives (Stratagene, LaJolla, CA) ) . Other 
appropriate expression vectors, of which numerous types 
are known in the art for the host cells described 
10 below, can also be used for this purpose. 

Signal Sequenc e 

The nucleic acid encoding a signal sequence 
may be inserted 5' of the sequence encoding a truncated 
15 sTNFR, e.g., it may be a component of a vector, or it 
may be a part of a nucleic acid encoding a truncated 
sTNFR. The nucleic acid encoding the native signal 
sequences of sTNFR-I and sTXFR-II are known (EP 393 438 
and EP 422 339) . 

20 

Origin o f Repl i ca t ion 

Expression and cloning vectors each generally 
include a nucleic acid sequence that enables the vector 
to replicate in one or more selected host cells. In a 

25 cloning vector, this sequence is typically one that 
enables the vector to replicate independently of the 
host chromosomal ONA, and includes origins of 
replication or autonomously replicating sequences. 
Such sequences are well known. The origin of 

30 replication from the plasmid pBR322 is suitable for 

most Gram-negative bacteria, and various origins (e.g., 
SV4 0, polyoma, adenovirus, VSV cr BPV) are useful for 
clcning vectors in mammalian cells. 3enerally, the 
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c rig in of replication is not needed for mammalian 
expression vectors (for example, the SV4 0 origin is 
often used only because it ccntams the early 
promoter) . 

5 

Sel e ot io n Gene 

The expression and cloning vectors each 
typically contain a selection gene. This gene encodes 
a "marker" protein necessary for the survival or growth 

10 of the transformed host cells when grown in a selective 
culture medium. Host cells that are no: transformed 
with the vector will not contain the selection gene 
and, therefore, they will not survive in the culture 
medium. Typical selection genes encode proteins that 

15 (a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate or 
tetracycline; (b) complement auxotrophic deficiencies 
or (c) supply critical nutrients not available from the 
cul ture medium . 

20 Other selection genes may be used to amplify 

the genes to be expressed. Amplification is the 
process wherein genes which are in greater demand for 
the production of a protein critical for growth are 
reiterated in tandem within the chromosomes of 

25 successive generations of recombinant cells. Examples 
of suitable selectable markers for mammalian cells 
include dihydrof olate reductase (DHFR) and thymidine 
kinase. The cell t ransf ormants are placed under 
selection pressure which only the transf ormants are 

30 uniquely adapted to survive by virtue of the markers 
present in the vector. Selection pressure is imposed 
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bv cul tuning Che transferred cells under conditions in 
which che concentration of selection agent in the 
medium is successively changed, thereby leading to 
amplification of both the selection genes and the DNA 
5 that encodes truncated sTNFRs . As a result, increased 
quantities of truncated sTNFRs are synthesized from the 
amplified DNA . 

For example, cells transformed with the DHFR 
selection gene are first identified by culturing all of 

10 the transf ormant s in a culture medium that contains 
methotrexate, a competitive antagonist of DHFR. An 
appropriate host cell when wild-type DHFR is used is 
the Chinese hamster ovary cell line deficient in DHFR 
activity (Urlaub and Chasm (1980), Proc . Natl. Acad. 

15 Sci., USA, 77(7) : 4216 -4220 , the disclosure of which is 
hereby incorporated by reference) . The transformed 
cells are then exposed to increased levels of 
methotrexate. This leads to the synthesis of multiple 
copies of the DHFR gene and, concomitantly, multiple 

20 copies of other DNA present in the expression vector, 
such as the DNA encoding a truncated sTNFR . 

Promote r 

Expression and cloning vectors each will 
25 typically contain a promoter that is recognized by the 
host organism and is operably linked to a nucleic acid 
sequence encoding a truncated sTNFR . A promoter is an 
untranslated sequence located upstream (5') to the 
start codon of a structural gene (generally within 
30 about 100 to 1000 bp) chat controls the transcription 
and translation of a particular nucleic acid sequence, 




such as that encoding a truncated sTNFR . A promoter 
may be conventionally grouped mcc one cf twc classes, 
inducible promoters ana constitutive promoters. An 
inducible promoter initiates increased levels of 
5 transcription from DMA under its control in response to 
some change in culture conditions, such as the presence 
or absence of a nutrient or a change in temperature. A 
large number of promoters, recognized by a variety of 
potential host cells, are well known. A promoter may 

10 be operably linked to DNA encoding a truncated sTNFR by 
removing the promoter from the source DNA by 
restriction enzyme digestion and inserting the desired 
promoter sequence. The native sTNFR- I promoter 
sequence or sTNFR-II promoter sequence may be used to 

15 direct amplification and/or expression of DNA encoding 
a truncated sTNFR . A heterologous promoter is 
preferred, however, if it permits greater transcription 
and higher yields of the expressed protein as compared 
to the native promoter and if it is compatible with the 

20 host cell system that has been selected for use. For 
example, any one of the native promoter sequences of 
other NGF/TNF family members may be used to direct 
amplification and/or expression of the DNA encoding a 
t runcated sTNFR . 

25 Promoters suitable for use with prokaryotic 

hosts include the beta- lactamase and lactose promoter 
systems; alkaline phosphatase, a tryptophan (trp) 
promoter system; a bacterial luminescence (luxR) gene 
system and hybrid pyrometers such as the tac promoter. 

3 0 Other known bacterial promoters are also suitable. 

Their nucleotide sequences have been published, thereby 




enabling one skilled m the ar: to ligate them to the 
desired DXA sequencers) using linkers or adaptors as 
needed to supply any required restriction sites. 

Suitable promoting sequences for use with 
5 yeast hosts are also well known in the art. Suitable 
promoters for use with mammalian host cells are well 
known and include these obtained frcm the genomes of 
viruses such as polyoma virus, fowlpox virus, 
adenovirus (such as Adenovirus 2), bovine papilloma 
10 virus, avian sarcoma virus, cytomegalovirus, a 

retrovirus, hepatitis-B virus and, most preferably, 
Simian Virus 40 (SV40) . Other suitable mammalian 
promoters include heterologous mammalian promoters, 
e.g., heat-shock promoters and the actin promoter. 

15 

Enhancer Element 

The expression and cloning vectors each will 
typically contain an enhancer sequence to increase the 
transcription by higher eukaryotes of a DNA sequence 

20 encoding a truncated sTNFR. Enhancers are cis-actmg 
elements of DNA, usually from about 10-3 00 bp in 
length, that act on the promoter to increase its 
transcription. Enhancers are relatively orientation 
and position independent. They have been found 5' and 

25 3' to the transcription unit. Yeast enhancers are 
advantageously used with yeast promoters. Several 
enhancer sequences available from mammalian genes are 
known (e.g., globm, elastase, albumin, alpha-feto- 
protein and insulin). Additionally, viral enhancers 

30 such as the SV4 0 enhancer, the cytomegalovirus early 

promoter enhancer, the polyoma enhancer and adenovirus 
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enhancers are exemplary enhancing elements for the 
activation of eukaryotio promoters. While an enhancer 
may he spliced into a vector at a position 5' or 3 ' to 
a DNA encoding truncated sTNFR, it is typically located 
5 at a site 5' from the promoter. 

Transcription Terminat io n 

Expression vectors used in eukaryotio host 
cells each will typically contain a sequence necessary 

10 for the termination of transcription and for 

stabilizing the mRNA . Such sequences are commonly 
available from the 5' and occasionally 3' untranslated 
regions of eukaryotio DMAs or cDNAs . These regions 
cc-ntam nucleotide segments transcribed as 

15 polyadenylated fragments in the untranslated portion of 
the mRNA encoding a truncated sTNFR. 

Vector Construction 

The construction of a suitable vector 

20 containing one or more of the above-listed components 

(together with the coding sequence encoding a truncated 
sTNFR) is accomplished by standard ligation techniques. 
Isolated plasmids or DNA fragments are cleaved, 
tailored and religated in the desired order to generate 

25 the vector required. To confirm that the correct 

sequence has been constructed, the ligation mixture may 
be used to transform E . coli, and successful 
transf ormant s may be selected by known techniques as 
described above. Quantities of the vector from the 

30 transf ormant s are then prepared, analyzed by 



restriction endor.u r lease digestion and/or sequenced to 
confirm the presence of the desired construct. 

A vector that provides for the transient 
expression of DKA encoding a truncated sTNFR in 
mammalian cells may also be used. In general, 
transient expression involves the use of an expression 
vector that is ahle to replicate efficiently in a host 
cell, such that the host cell accumulates many copies 
of the expression vector and, in turn, synthesizes high 
levels of the desired protein encoded by the expression 
vector. Each transient expression system, comprising a 
suitable expression vector and a host cell, allows for 
the convenient positive identification of proteins 
encoded by cloned DNAs , as well as for the rapid 
screening of such proteins for desired biological or 
physiological properties, i.e., identifying a 
biological ly- act i ve t rune a ted sTNFR . 

Host Cells 

Any of a variety of recombinant host cells, 
each of which contains a nucleic acid sequence for use 
in expressing a desired protein, is also provided by 
the present invention. Exemplary prokaryotic and 
eukaryotic host cells include bacterial, mammalian, 
fungal, insect, yeast or plant cells. 

Prokaryotic host cells include but are 
not limited to eubacteria su:h as Gram- negat i ve or 
3ram-posit lve organisms (e.g., E . coli (HB101, DH5a, 
DH10 and MC1061); Bacilli such as B . suhtilis; 
Pseudomonas species, such as P. aeruginosa; 
Streptomyces spp . ; Salmonella typhi murium; or Serratia 




6 4 

marcescans. As a specific errxodiment , a desired 
protein may he expressed in E. coli . 

In addition tc prokaryctic host :ells, 
eukaryotic microbes such as filamentous fungi or yeast 
5 may be suitable hosts for the expression of truncated 
sTNFRs . Saccharomyces z'erevisiae, or commcn baker's 
yeast, is the most commonly used among lower eukaryotic 
host microorganisms, but a number of other genera, 
species and strains are well known and commonly 
1 0 ava i lable . 

A truncated sTNFR may be expressed in 
glycosylated form by any one of a number of suitable 
host cells derived from multicellular organisms. Such 
host cells are capable of complex processing and 

15 glycosylat ion activities. In principle, any higher 
eukaryotic cell culture might be used, whether such 
culture involves vertebrate or invertebrate cells, 
including plant and insect cells. As a specific 
embodiment, a desired protein may be expressed in 

2 0 bacuk'Virus cells. 

Vertebrate cells may be used, as the 
propagation of vertebrate cells in culture (tissue 
culture) is a well-known procedure. Examples of useful 
mammalian host cell lines include but are not limited 

25 to monkey kidney CV1 line transformed by SV40 (COS-7) , 
human embryonic kidney line (293 cells or 293 cells 
subcloned for growth in suspension culture), baby 
hamster kidney cells and Chinese hamster ovary cells. 
Other suitable mammalian cell lines include but are not 

30 limited to HeLa, mouse L-529 cells, 3T3 lines derived 
from Swiss, Balb-c or NIH mice, and BHK or HaK hamster 




cell lines. As a specific embodiment , a desired 
protein may be expressed m CCS cells. 

A host cell may be transfected and preferably 
transformed with a desired nucleic acid under 
5 appropriate conditions permitting expression of the 

nucleic acid. The selection of suitable host cells and 
methods for transformation, culture, amplification, 
screening and product production and purification are 
well known in the art (Cething and Sambrook (1981), 

10 Nature, 293 : 620 -525 or, alternatively, Kaufman et al . 

(1985), Mol . Cell. Biol., SJJ_)_ : 1 7 5 0 - 1 7 5 9 , or U.S. Pat. 
No. 4,419,446, the disclosures of which are hereby 
incorporated by reference) . For example, for mammalian 
cells without cell walls, the calcium phosphate 

15 precipitation method may be used. Elect roporat ion , 

micro injection and other known techniques may also be 
used . 

It is also possible that truncated sTNFRs may 
be produced by homologous recombination or with 

20 recombinant production methods utilizing control 

elements introduced into cells already containing DNA 
encoding truncated sTNFRs . Homologous recombination is 
a technique originally developed for targeting genes to 
induce or correct mutations in transcript lonal ly- act ive 

25 genes ( Kucher 1 apat i (1989), Prog, in Nucl . Acid Res. 
and Mol. Biol., 3_»5:3 01, the disclosure of which is 
hereby incorporated by reference) . The basic technique 
was developed as a method for introducing specific 
mutations into specific regions of the mammalian genome 

30 (Thcmas et al . (1986), Cell, 44:419-428; Thomas and 

Capecchi (1987), Cell, 5JL:503 - 512 and Doetschman et al . 




v 1 9 6 S ) , Proc . Natl . A ~ad . Sci . , 8_5 : 3 5 8 3 - 8 5 S 7 , the 
disclosures of which are hereby incorporated by 
reference! or no correct specific mutations within 
defective genes (Dcetschman et ai . (1987), Nature, 
5 330:576-57 3, the disclosure of which is hereby 

incorporated by reference) . Exemplary techniques are 
described m U.S. Patent No. 5,272,071; WO 92/01069; WO 
9 3/03133; 

WO 94/12650 and WO 94/31560, the disclosures of which 

10 are hereby incorporated by reference. 

Through homologous recombination, the DNA 
sequence to be inserted into the genome can be directed 
to a specific region c>f the gene of interest by 
attaching it to targeting DNA. The targeting DNA is 

15 DNA that is complementary (homologous) to a region of 
the genomic DNA. Small pieces of targeting DNA that 
are complementary to a specific region of the genome 
are pur in contact with the parental strand during the 
DNA replication process. A general property of DNA 

20 that has been inserted into a cell is to hybridize and 
therefore recombme with other pieces of endogenous DNA 
through shared homologous regions. If this 
complementary strand is attached to an oligonucleotide 
that contains a mutation or a different sequence of 

25 DNA , it too is incorporated into the newly synthesized 
strand as a result of the recombination. As a result 
of the proofreading function, it is possible for the 
new sequence of DNA to serve as the template. Thus, 
the transferred DNA is incorporated into the genome. 

30 If the sequence of a particular gene is 

known, such as the nucleic acid sequence of a truncated 
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sTNFR, the expression centre I sequence (a piece of DMA 
that is complementary tc a selected region of the gene) 
can be synthesized cr otherwise obtained, such as by 
appropriate restriction of the native DNA at specific 
5 recognition sites bounding the region of interest. 
This piece serves as a targeting sequence upon 
insertion into the cell and will hybridize to its 
homologous region within the genome. If this 
hybridization occurs during DNA replication, this piece 
10 of DNA , and any additional sequence attached thereto, 
will act as an ukazaki fragment and will be 
backst itched into the newly synthesized daughter strand 
o f DNA . 

Attached to these pieces of targeting DNA are 

15 regions of DNA which may interact with the expression 

of a truncated sTNFR. For example, a pro-mot er /enhancer 
element, a suppressor or an exogenous transcription 
modulatory element is inserted into the genome of the 
intended host cell in proximity and orientation 

20 sufficient to influence the transcription of DNA 

encoding the desired truncated sTNFR. The control 
element does not encode the truncated sTNFR, but 
instead controls a portion of the DNA present in the 
hO'St cell genome. Thus, the expression of a truncated 

2 5 sTNFR may ne achieved not by transfection of DNA that 
encodes a truncated sTNFR, but rather by the use of 
targeting DNA (containing regions of homology with the 
endogenous gene of interest) coupled with DNA 
regulatory segments that provide the endogenous gene 

30 sequence with recognizable signals for transcription of 
a truncated sTNFR . 





Cells 



The met he d for 



culturing each of the one or 



more recombinant hest cells for production of a desired 



considerations; the optimum production procedure for a 
given situation will be apparent to those skilled in 
the art through minimal experimentation. Such 
recombinant host cells are cultured in suitable medium 
10 and the expressed t runcated sTNFR is then optionally 
recovered, isolated and purified from the culture 
medium (or from the cell, if expressed mtracellularly) 
by appropriate means known to those skilled in the art. 



15 used to produce a desired truncated sTNFR may be 

cultured in media suitable for inducing promoters, 
selecting suitable recombinant host cells or amplifying 
the gene encoding the desired truncated sTNFR . The 
media may be supplemented as necessary with hormones 

20 and/or other growth factors (such as insulin, 

transferrin or epidermal growth factor), salts (such as 
sodium chloride, calcium, magnesium and phosphate), 
buffers (such as HE PES ) , nucleosides (such as adenosine 
and thymidine) , antibiotics (such as qentamicin) , trace 

25 elements (defined as inorganic compounds usually 
present at final concentrations in the micromolar 
range), and glucose or another energy source. Other 
supplements may also be included, at appropriate 
concentrations, as will be appreciated by those skilled 

30 in the art. Suitable culture conditions, such as 

temperature, pH and the like, are also well known to 



5 protein will vary depending upon many factors and 



Specifically, each of the recombinant cells 
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those skilled in the art fcr use with the selected host 
cells . 

The resulting expression product may then be 
purified to near homogeneity using procedures known in 
5 the art. Exemplary purification techniques are taught 
in EP 393 438 and EF 422 3 3 9, the disclosures of which 
are incorporated herein ty reference. 

Pharmaceut ical Compos it ions 

10 Pharmaceutical compositions each will 

generally include a therapeutically effective amount of 
truncated sTNFRs and chemically-modified derivatives of 
truncated sTNFRs (collectively, "truncated sTNFR 
product (s) ") in admixture with a vehicle. The vehicle 

15 preferably includes one or more pharmaceut i cal ly and 
physic-Logically acceptable formulation materials in 
admixture with the truncated sTNFR product fs) and 
controlled release material. 

The primary solvent in a vehicle may be 

20 either aqueous or non-aqueous in nature. In addition, 
the vehicle may contain other pharmaceut ical ly 
acceptable excipients for modifying or maintaining the 
pH preferably between 5-6.5, and more preferably 
between 5.5-6.0 (e.g., buffers such as citrates, 

25 phosphates and amino acids such glycine) ; bulking 

agents for lyophilized formulation (e.g., mannitol and 
glycine); osmolarity (e.g., mannitol and sodium 
chloride); surfactants (e.g., polysorbate 20, 
polysorbate 30, triton, and pluronics); viscosity; 

30 clarity; color; sterility; stability (e.g., sucrose and 
sorbitol); antioxidants (e.g., sodium sulfite and 




s o d i urn hy d r eg er.-sulfice! ; prese rvat ives (e.g. , benzoic 
arid and salicylic acid; ; eder of the formulation; 
flavoring and diluting agents; rate of dissolution 
(e.g., solubilizers or sc lubi 1 1 z ing agents such as 
5 alcohols, polyethylene glyccls and sodium chloride) ; 

rate of release; emulsifying agents; suspending agents; 
solvents; fillers; delivery vehicles; diluents; 
excipients and/or pharmareut ical adjuvants. Other 
effective administration forms such as parenteral slow- 

10 release formulations, inhalant mists, orally-active 
formulations, or suppositories are also envisioned. 
The composition may also involve particulate 
preparations of polymeric compounds such as bulk 
erosion polymers (e.g., poly ( 1 act ic- co -glycol ic acid) 

15 (PLGA) copolymers, ?LGA polymer blends, block 

copolymers of PEG, and lactic and glycolic acid, 
poly (cyanoacrylates ) ) ; surface erosion polymers (e.g., 
poly (anhydrides) and poly (ortho esters)); hydrogel 
esters (e.g., pluronic polyols, poly (vinyl alcohol), 

20 poly ( viny Ipyrrol idone ) , maleic anhydride - alky 1 vinyl 
ether copolymers, cellulose, hyaluronic acid 
derivatives, alginate, collagen, gelatin, albumin, and 
starches and dextrans) and composition systems thereof; 
or preparations of liposomes or microspheres. Such 

25 compositions may influence the physical state, 

stability, rate of in vivo release, and rate of in vivo 
clearance of the present proteins and derivatives. The 
optimal pharmaceutical formulation for a desired 
protein will be determined by one skilled in the art 

30 depending upon the route cf administration and desired 
desage. Exemplary pharmaceutical compositions are 




disclosed in Remington's Pharmaceutical Sciences, 18th 
Ed. ,1990;, Xack Publishing Co., Easton, ?A 16 14 2, 
pages 1435-1712; Gorrictz and Pettit (1995), 
Biocon jugate Chem. f 6:232-351; Leone -Bay, et al . 
5 (1995), Journal of Medicinal Chemistry r , 3 8 : 426 3 - 4269 ; 
Haas, et al . (1995 ), Clinical Immunology" and 
Immunopathology, 7_f-J_l_-_ :9 3; WO 94/064 57; WO 94/2 12 75; FR 
2706772 and WO 94/21235, the disclosures of which are 
incorporated herein by reference. 

10 Specific sustained release compositions are 

available from the following suppliers: Depotech 
(Depof cam™, a multivesicular liposome) ; Alkermes 
(ProLease™, a FLGA microsphere) . As used herein, 
hyaluronan is intended to include hyaluronan, 

15 hyaluronic acid, salts thereof (such as sodium 

hyaluronate) , esters, ethers, enzymatic derivatives and 
cross-linked gels of hyaluronic acid, and chemically 
modified derivatives of hyaluronic acid (such as 
hylan) . Exemplary forms of hyaluronan are disclosed in 

20 Peyron and Balazs (1974), Path. Biol., 22 (8) :731-736; 

Isdale et al . (1991), J . Drug Dev., 4(2) : 9 3 - 9 9 ; Larsen 
et al. (1993), Journal of Biomedical Materials 
Research, 22:1129-1134; Namiki, et al . (1982), 
International Journal of Clinical Pharmacology, Therapy 

25 and Toxicology, 2 0(11) : 5 0 1 - 5 0 7 ; Meyer et al . (1995), 

Journal of Controlled Release, 3_5: 67-72; Kikuchi et al . 
(1996), Osteoarthritis and Cartilage, 4:99-110; 
Sakakibara et al . -1994), Clinical Orthopaedics and 
Related Research, 2 99 :282-292 ; Keyers and Brandt 

30 (1995), 22 (9) :1732-1739; Laurent et al . (1995), .Acta 
Orthop Scand, 6 6 ( 2 6 6 ) : 1 1 6 - 1 2 0 ; Cascone et al . (1995), 




Biomaterials , 1 6 v 7; :569-574; Yerashaimi e: al . (1594), 
Archives of Biochemistry and Biophysics, 313(2; :267- 
273; Bernatchez et al . (1993) , Journal of Biomedical 
Materials Research, 2Jn5± : € 7 7 - 6 8 1 ; Tan et al . (1990), 
5 Australian Journal of Biotechnology, 4(1 ) : 3 S - 4 3 ; 

Gcmbotz and Pet tit (1995), Biocon jugate Chem . , 6_:332 - 
351; U.S. Patent Ncs. 4,582,865, 4,605,691, 4,636,524, 
4,713,443, 4,716,154, 4,716,224, 4,772,419, 4,851,521, 
4,957,774, 4,863,907, 5,128,326, 5,202,431, 5,336,767, 

10 5,356,333; European Patent Application Nos . C 507 604 
A2 and 0 718 3 12 A2 ; and WO 96/05345, the disclosures 
of which are hereby incorporated by reference. 
Specific hyaluronan compositions are available from the 
following suppliers: BioKatrix , Inc. Ridgefield, NJ 

15 (Synvisc™, a 90:10 mixture of a hylan fluid and hylan 
gel); Fidia S.p.A., Abano Terme , Italy (Hyalgan™, the 
sodium salt of a rocster comb-derived hyaluronic acid 
(-500,000 to -700,000 MW ) ) ; Kaken Pharmaceutical Co., 
Ltd., Tokyo, Japan (Artz™, a 1% solution of a rooster- 

20 comb derived hyaluronic acid, -700,000 MW) ; Pharmacia 

AB, Stockholm, Sweden (Heal on™, a rooster-comb derived 
hyaluronic acid, -4 x 10 fi MW) ; Genzyme Corporation, 
Cambridge, MA f.Surgicoat™, a recombinant hyaluronic 
acid); Pronova 3iopolymer, Inc. Portsmouth, NH 

25 (Hyaluronic Acid FCH , a high molecular weight (e.g., 
-1.5-2.2 x 10' MW) hyaluronic acid prepared from 
cultures of Streptococcus zooepidemicus ; Sodium 
Hyalurcnate MV, -l.C-1.6 x 10' ; MW and Sodium 
Hyaluronate LV, -1.5-2.2 x 10" MW); Calbiochem- 

30 NDvabi-'-hem A3, Laut e 1 f i ngen , Switzerland (Hyaluronic 
Arid, sodium salt (1997 ccmpany catalog number 3859 j 8 ) 
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prepared from Streptococcus sp . ) ; Intergen Company, 
Purchase, NY ia rccs:er-co± ! derived hyaluronic acid, 
>1 x 10' : MW! ; Diosynth Inc., Chicago, I L ; Amerchol 
Ccrp. , Edison, NJ and Kycwa Hakko Kogyo Co., Ltd., 
5 Tokyo, Japan. 

Once the pharmaceutical composition has been 
formulated, it may be scored in sterile vials as a 
solution, suspension, gel, emulsion, solid, or a 
dehydrated or lyophilized powder. Such formulations 

10 may be stored either in a ready-to-use form or in a 

form (e.g., lyophilized) requiring reconst itution prior 
to administration. 

In a specific embodiment, the present 
invention is directed to kits for producing a 

15 single-dose administration unit. The kits may each 
contain both a first container having a dried 
protein and a second container having an aqueous 
formulation. Kits included within the scope of this 
invention are single and mul t i - chambered pre-filled 

20 syringes; exemplary pre-filled syringes (e.g., liquid 
syringes, and lyosyringes such as Lyo-Ject'^, a dual- 
chamber pre-filled lyosyringe) are available from 
Vetter GmbH, Ravensburg, Germany. 

2 5 Use s 

Truncated sTNFR products may be useful as 
research reagents and as therapeutic and diagnostic 
agents. Thus the truncated sTNFRs may be used in 
in vitro and/or in vivo diagnostic assays to quantify 
30 the amount of native sTNFR-I or sTNFR-II in a tissue or 
organ sample or to determine and/or isolate cells which 
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express TNF ;Scallon e: al . . 1 9 3 5 : , supra ) . In assays 
of tissues cr organs there will be less radioactivity 
frcT. 12 5 1 - truncated sTNFRs rinding to TNF , as compared 
tc a standardized binding curve cf ^ 5 1 - truncated 
5 sTNFRs, due to unlabeled native sTNFR-I or sTNFR-I 

binding to TNF . Similarly, the use of 12 5 1 - truncated 
sTNFRs may be used to detect the presence of TNF in 
various cell types . 

Th is i nve n t ion also c on t emp lates the use of 

1 0 truncated sTNFR products in the generation of 

antibodies and the resultant antibodies (specifically 
including those which also bind to native sTNFR-I or 
sTNFR-II) . Antibodies can be developed which bind to 
truncated sTNFRs , such as to epitopes within the amino 

15 acid sequence of the truncated sTNFR molecules 

described herein. One of ordinary skill in the art can 
use well-known published procedures to obtain 
monoclonal and polyclonal antibodies, or recombinant 
antibodies, which specifically recognize and bind to 

20 the various proteins encoded by the amino acid 

sequences of the present invention. Such antibodies 
may then be used to purify and characterize the full- 
length, mature 30kDa TNF inhibitor and full-length, 
mature 4 0kDa TNF inhibitor. 

25 The present invention also relates to methods 

for the treatment of certain diseases and medical 
conditions (many of which can be characterized as 
inflammatory diseases) that are mediated by TNF. A 
disease or medical rendition is considered to be a 

30 "TNF-mediated disease" if the spontaneous or 

experimental disease is associated with elevated levels 
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of TNF in bcdily fluids cr in tissues adjacent to the 
fO'Cus of the disease cr indication within the body. 
TNF-mediated diseases may also be recognised by the 
following two conditions: (1) pathological findings 
5 associated with a disease can be mimicked 

experimentally m animals by the administration of TNF 
and (2) the pathology induced in experimental animal 
models of the disease can be inhibited or abolished by 
treatment with agents which inhibit the action of TNF. 

10 Many TNF-mediated diseases satisfy two of these three 
conditions, and others will satisfy all three 
conditions. A non- exclusive list of TNF-mediated 
diseases, as well as the related sequela and symptoms 
associated therewith, that each may be treated 

15 according to the methods of the present invention are 

adult respiratory distress syndrome; cachexia/anorexia ; 
cancer (e.g., leukemias); chronic fatigue syndrome; 
graft versus host rejection; hyperalgesia; inflammatory 
bowel disease; neuro inflammatory diseases; 

20 ischemic/reperf usion injury, including cerebral 

ischemia (brain injury as a result of trauma, epilepsy, 
hemorrhage or stroke, each of which may lead to 
neurodegenerat ion) ; diabetes (e.g., juvenile onset Type 
1 diabetes mellitus); multiple sclerosis; ocular 

25 diseases; pain; pancreatitis; pulmonary fibrosis; 
rheumatic diseases (e.g., rheumatoid arthritis, 
osteoarthritis, juvenile (rheumatoid) arthritis, 
seronegative polyarthritis , ankylosing spondyl it is , 
Reiter's syndrome and reactive arthritis, psoriatic 

30 arthritis, enteropathic arthritis, polymyositis, 
derma tomyos i t i s , scleroderma, systemic sclerosis, 
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vasculitis, cerebral vasculitis, Sjogren's syndrome, 
rheumatic fever, polychondritis and polymyalgia 
rheumatica and giant re 11 arteritis); septic shock; 
side effects fr:m radiation therapy; systemic lupus 
5 erythematous; temporal mandibular joint disease; 
thyroiditis and tissue transplantation. 

The truncated sTNFR products each may be 
administered to a patient in therapeutically effective 
amounts for the treatment of TNF-mediated diseases, as 

10 defined above, including such as rheumatic diseases 

(e.g., lyme disease, juvenile (rheumatoid) arthritis, 
osteoarthritis, psoriatic arthritis, rheumatoid 
arthritis and staphylococcal - induced ("septic" > 
arthritis) . The term "patient" is intended to 

15 encompass animals (e.g., cats, dogs and horses) as well 
as humans . 

A truncated sTNFR product may be administered 
via topical, enteral or parenteral administration 
including, without limitation, intravenous, 

20 intramuscular, intraarterial, intrathecal, 

intracapsular, intraorbital , intracardiac , intradermal , 
intraperitoneal , transtracheal , subcutaneous , 
subcuticular , mt ra - art lcular , subcapsul ar , 
subarachnoid, intraspinal , intraventricular and 

25 mvrasternal injection and infusion. A truncated sTNFR 
product may also- be administered via oral 
administration or be administered through mucus 
membranes, that is, intranasal ly, subl i ngual ly , 
buccally c>r rectally for systemic delivery. 

30 It is preferred that truncated sTNFR products 

be administered via intra - art icular , subcutaneous, 
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intramuscular cr intravenous injection. Additionally, 
truncated sTXFR ore duct may :e administered by a 
continuous infusion (e.g., constant cr intermittent 
implanted or external infusion f lo w-mcdulat ing devices) 
5 sc as to continuously provide the desired level of 

truncated sTNFR product in the blood for the duration 
of the administration. This is preferably accomplished 
by means of continuous infusion via, e.g., mini-pump 
such as osmotic mini -pump . In these ways , one can be 

10 assured that the amount of drug is maintained at the 
desired level and one can take blood samples and 
monitor the amount of drug in the bloodstream. Various 
pumps are commercially available, from suppliers such 
as Mini Med Inc, Sylmar, CA (e.g., MT5C7) and Alza 

15 Corp., Palo Alto, CA (e.g., Alzet osmotic pump, 
model 2 ML I) . 

It is also contemplated that other modes of 
continuous or near - cent inuous dosing may be practiced. 
For example, chemical derivat i zat ion may result in 

20 sustained release forms of the protein which have the 
effect of continuous presence in the blood stream, in 
predictable amounts based on a determined dosage 
regimen . 

Modes of using the truncated sTNFR products 
25 for the treatment of TNF-mediated diseases, including 
inflammatory conditions of a joint (e.g., 
osteoarthritis, psoriatic arthritis and rheumatoid 
arthritis) , are set forth in European Patent 
Application 567566, the teachings of which are hereby 
3 0 incorporated by reference. 3y way of example but not 
limitation, m one specific embodiment truncated sTNFR 
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c reduces may be administered intra-articularly for the 
treatment cf rheumatoid arthritis and osteoarthritis. 
By way of example but not limitation in another 
specific embodiment, truncated sTNFR products may be 
5 administered sub:utaneously or intramuscularly fc>r the 
treatment of rheumatoid arthritis, inflammatory bowel 
disease, cacnexia/an: rexia or multiple sclerosis. By 
way of example but not limitation, in a still further 
specific embodiment truncated sTNFR products may be 

10 administered intravenously for the treatment of brain 
injury as a result of trauma, epilepsy, hemorrhage or 
stroke; or administered int ravent ricular ly for the 
treatment o»f brain injury as a result of trauma. A 
preferred mode for the treatment of arthritis includes: 

15 (1) a single int ra - art icular injection of a truncated 
sTNFR product given periodically as needed tc> prevent 
or remedy the flare-up of arthritis and (2) periodic 
subcutaneous injections c>f a truncated sTNFR product. 
The initiation of treatment for septic shock should 

20 begin as soon as possible after septicemia or the 
chance of septicemia is diagnosed. For example, 
treatment may be begun imimediately following surgery or 
an accident or any other event that may carry the risk 
of initiating septic shock. Preferred modes for the 

25 treatment of adult respiratory distress syndrome 
include: (1) single or multiple intratracheal 
administrations of a truncated sTNFR product and (2) 
bolus or continuous intravenous infusion of a truncated 
sTNFR product . 

3 0 In another embodiment, cell therapy, e.g., 

implantation of cells producing a truncated sTNFR, is 
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also ccnnerr.pl a tied . This eT.bcdcrr.enri of the present! 
mvencion rray include irrplancmg into patients cells 
which are capable of synthesizing and secreting a 
biological ly-act lve form of a truncated sTNFR. Such 
5 cells producing a truncated sTNFR may be cells which do 
not normally produce a truncated sTNFR but which have 
been modified to produce a truncated sTNFR , or which 
may be cells whose ability to produce a truncated sTNFR 
have been augmented by transformation with a 

10 polynucleotide suitable for the expression and 

secretion of a truncated sTNFR . In order to minimize a 
potential immunological reaction in patients by 
administering a truncated sTNFR of a foreign species, 
it is preferred that the cells be of the same species 

15 as the patient (e.g., human) or that the cells be 
encapsulated with material that provides a barrier 
against immune recognition, or that cells be placed 
into an immunologically privileged anatomical location, 
such as in the testis, eye or central nervous system. 

2 0 Human or non- human animal cells may be 

implanted in patients in biocompatible, semi -permeable 
polymeric enclosures or membranes to allow release of a 
truncated sTNFR, but to prevent destruction of the 
cells by the patient's immune system or by other 

25 detrimental factors from the surrounding tissue. 

Alternatively, the patient's own cells, transformed ex 
vi vo to produce a truncated sTNFR , may be implanted 
directly into the patient without such encapsulation. 
The methodology for the membrane encapsulation of 

30 living cells is familiar to those of ordinary skill in 
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the arc, and the preparation of the encapsulated ceils 
and their implantation in patients may be accomplished. 

In yet another embodiment, in vivo gene 
therapy is also envisioned, wherein a nucleic acid 
5 sequence encoding a truncated sTNFR is introduced 

directly into a patient. For example, a nucleic acid 
sequence encoding a truncated sTNFR is introduced into 
target cells via local injection of a nucleic acid 
construct, with or without an appropriate delivery 

10 vector, such as an adeno - assoc iat ed virus vector. 

Alternative viral vectors include but are not limited 
to retrovirus, adenovirus, herpes simplex virus and 
papilloma virus vectors. Physical transfer may be 
achieved in \ r ix r o by local injection of the desired 

15 nucleic acid construct or other appropriate delivery 
vector containing the desired nucleic acid sequence, 
1 iposome -medi at ed transfer, direct injection (naked 
DNA) , receptor-mediated transfer (ligand-DNA complex) 
or mi cropart i cl e bombardment (gene gun) . 

2 0 Exemplary cell and gene therapy techniques 

are disclosed in U.S. Patent No. 4,892,538; U.S. 
Patent No. 5,011,472; U.S. Patent No. 5,106,627; DE 
4219626, WO 94/20517 and 96/22793, the disclosures of 
which are hereby incorporated by reference. 

25 Regardless of the manner of administration, 

the treatment of a TNF-mediated disease requires a dose 
or total dose regimen of a truncated sTNFR effective to 
reduce or alleviate symptoms of the disease. Other 
factors in determining the appropriate dosage can 

30 include the disease or condition to be treated or 

prevented, the severity of the disease, the route c>f 
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adT.ir.isiration, and the age, sex and medical condition 
of the patient. Further refinement of the calculations 
necessary to determine the appropriate dosage for 
treatment is routinely made by those skilled in the 
5 art, especially in light of the dosage information ad 
assays disclosed herein. The dosage can also be 
determined through the use of known assays for 
determining dosages used in conjunction with 
appropriate dose - response data. The specific dose is 

10 calculated according to the approximate body weight or 
body surface area of the patient. 

The frequency of dosing depends on the 
pharmacokinetic parameters of the truncated sTNFR in 
the formulation used. The truncated sTNFR may be 

15 administered once, or in cases of severe and prolonged 
disorders, administered daily in less frequent doses 
or administered with an initial bolus dose followed by 
a continuous dose or sustained delivery. When 
administered parenteral ly, parenteral unit doses, for 

20 example, may each be up to 10 mg, generally up to 15 mg 
and more generally up to 20 mg . When administered into 
an articular cavity, the pharmaceutical composition is 
preferably administered as a single injection from, for 
example, a 3 to 10 ml syringe containing a dose, for 

25 example, of between about 5 mg/ml to 10 mg/ml truncated 
sTNFR dissolved in isotonic phosphate buffered saline. 
The preparation may be administered into an articular 
cavity at a frequency, for example, of once every 7 to 
10 days. In such a manner, the administration is 

30 continuously conducted, for example, 4 to 5 times while 
varying the dose if necessary. 




In seme eases, truncated sTNFR products may 
be administered as an adjunct to other therapy and also 
with other pharmaceutical formulations suitable for the 
indication being treated. A truncated sTNFR product 
5 and any of one or more traditional or new anti- 
inflammatory drugs may be administered separately or in 
combination . 

Truncated sTNFR products and any of one or 
more additional anti-inf lamiratory drugs may be 

10 administered separately or in combination. Information 
regarding the following compounds can be found in The 
Merck Manual of Diagnosis and Therapy, Sixteenth 
Edition, Merck, Sharp & Dohme Research Laboratories, 
Merck & Co., Rahway, NJ (1992) and in Pharmapro j ect s , 

15 PJB Publications Ltd . 

Present treatment of TNF-mediated diseases, 
as defined above, including acute and chronic 
inflammation such as rheumatic diseases (e.g., lyme 
disease, juvenile (rheumatoid) arthritis, 

20 osteoarthritis, psoriatic arthritis, rheumatoid 
arthritis and staphylococcal - induced ( "septic" ) 
arthritis) includes first line drugs for control of 
pain and inflammation classified as non-steroidal, 
ant i - inflammatory drugs (NSAIDs). Secondary treatments 

25 include corticosteroids, slow acting antirheumatic 
drugs (SAARDs) or disease modifying (DM) drugs. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
product and any o-f cne or mere NSAIDs for the treatment 

30 of TNF-mediated diseases, as defined above, including 
acute and chronic inflammation such as rheumatic 
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diseases (e.g., iyme disease, juvenile (rheumatoid) 
arthritis, osteoarthritis, psoriatic arthritis, 
rheumatoid arthri t is and staphylococcal - induced 

("septic") arthritis) ; and graft versus host disease. 
5 NSAIE's owe their anti-inflammatory action, at least in 
part, to- the inhibition of prostaglandin synthesis 

(Goodman and Oilman in "The Pharmacological Basis of 
Therapeutics," MacMillan, 7th Edition (1985)). NSAIDs 
can be characterized into nine groups : (1) salicylic 
10 acid derivatives; (2) propionic acid derivatives; (3) 
acetic acid derivatives; (4) fenamic acid derivatives; 

(5) carboxylic acid derivatives; (6) butyric acid 
derivatives; (7) oxicams; (8) pyrazoles and 

( 9 ) pyrazolones . 

15 In a specific embodiment, the present 

invent ion is directed to the use of a truncated sTNFR 
product in combination (pret reatment , post - treatment or 
concurrent treatment) with any of one or more salicylic 
acid derivatives, prodrug esters or pharmaceut ically 

20 acceptable salts thereof. Such salicylic acid 

derivatives, prodrug esters and pharmaceut ically 
acceptable salts thereof comprise: acetammosalol, 
aloxiprin, aspirin, benorylate, bromosaligenin, calcium 
acetyl sal icy late , choline magnesium trisal icy late 

25 diflusinal, etersalate, fendosal, gentisic acid, glycol 
salicylate, imidazole salicylate, lysine 
acetyl sal icy late , mesal amine , morpholine salicylate , 
1-naphthyl salicylate, olsalazme, parsalmide, phenyl 
a cetyl sal icy 1 ate , phenyl salicylate, sal ace t amide , 

30 salicylamide O-acetic acid, salsalate and 

sulfasalazine. Structurally related salicylic acid 
derivatives having similar analgesic and anti- 




inflammatory properties are also intended to be 
encompassed by this group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
5 product in combination ( pret reatment , pos t - t reatment or 
concurrent treatment) with any of one or more propionic 
acid derivatives, prodrug esters or pharmaceut ical ly 
acceptable salts therecf . The propionic acid 
derivatives, prodrug esters and pharmaceut ical ly 

10 acceptable salts thereof ccmprise: alminoprof en , 

benoxaprof en, bucloxie acid, carprofen, dexindoprof en , 
f enoprof en, f lunoxaprof en, f luprof en, f lurbiprof en, 
furcloprofen, ibuprofen, ibuprofen aluminum, ibuproxam, 
mdoprof en, isoprof en, ketoprof en, loxoprof en, 

15 miroprofen, naproxen, oxaprozin, piketoprof en , 

pimeprofen, pirprofen, pranoprof en , protizinic acid, 
pyr idoxiprof en, suprofen, tiaprofenic acid and 
tioxaprofen. Structurally related propionic 
acid derivatives having similar analgesic and 

20 ant i- inflammatory properties are also intended to be 

encompassed by this group. 

In a specific embodiment, the present 

invention is directed to the use of a truncated sTNFR 

product in combination (pret reatment , post - treatment or 

25 concurrent treatment) with any of one or more acetic 
acid derivatives, prodrug esters or pharmaceut ical ly 
acceptable salts thereof. The acetic acid derivatives, 
prodrug esters and pharmaceut l cal ly acceptable salts 
thereof comprise: acemetacm, diclofenac, amfenac, 

30 bufexamac, cinmetacin, clopirac, delmetacm, diclofenac 
sodium, etodolac, felbinac, fenclofenac, fenclorac, 
fenclozic acid, fentiazac, furofenac, glucametacin, 
lbufenac, indomethac in , isofezolac, isoxepac, 
lonazolac, metiazmic acid, oxametacm, oxpinac, 
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piir.ecacin, prcglu^etacin , sul mdac , talrr.etacin, 
( • : y tiaramide, ticpinac, tclmetm, zidometacin and 

zomepirac. Srructurally related acetic acid 
derivatives having similar analgesic and anti- 
5 inflammatory properties are also intended to be 
encompassed by this group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
product in combination (pre treatment , post - treatment or 

10 concurrent treatment) with any of one or more fenamic 
acid derivatives, prodrug esters or pharmaceut ically 
acceptable salts thereof. The fenamic acid 
derivatives, prodrug esters and pharmaceutically 
acceptable salts thereof comprise: enfenamic acid, 

15 etofenamate, flufenamic acid, isonixin, meclofenamic 

acid, meclof enamate sodium, medofenamic acid, mefanamic 
acid, niflumic acid, talnif lumate , terof enamate , 
tolfenamic acid and uf enamate. Structurally related 
fenamic acid derivatives having similar analgesic and 

20 ant i - inflammatory properties are also intended to be 
encompassed by this group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
product in combination ( pret reatment , post - treatment or 

25 concurrent treatment) with any of one or more 
carboxylic acid derivatives, prodrug esters or 
pharmaceutically acceptable salts thereof. The 
carboxylic acid derivatives, prodrug esters and 
pharmaceutically acceptable salts thereof which can be 

30 used comprise: clidanac, diflunisal, flufenisal, 

moridme, ketorolac and tmoridme. Structurally 
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^ .. - related carboxylic acid derivatives having similar 

analgesic and ant i - inflammatory properties are also 
intended to he encompassed by this group. 

In a specific embcdiment, the present 
5 invention is directed tc the use of a truncated sTNFR 

product in combination ( pret reatment , pc s t - t reatment or 
concurrent treatment 1 with any of one or more butyric 
acid derivatives, prodrug esters or pharmaceut ical ly 
acceptable salts thereof . The butyric acid 

10 derivatives, prodrug esters and pharmaceut ically 
acceptable salts thereof comprise: bumadizon, 
butibufen, fenbufen and xenbucin. Structurally related 
butyric acid derivatives having similar analgesic and 
ant i - inf lammatory properties are also intended to be 

15 encompassed by this group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
product in combination ( pre treatment , post-treatment or 
concurrent treatment) with any of one or more oxicams, 

20 prodrug esters or pharmaceut ical ly acceptable salts 
thereof. The oxicams, prodrug esters and 
pharmaceut ically acceptable salts thereof comprise: 
droxicam, enc<licam, isoxicam, piroxicam, sudoxicam, 
tenoxicam and 4 - hydroxy 1 -1,2 -benzothiaz ine 1 , 1 -dioxide 

25 4 - (N-phenyl ) - carboxamide . Structurally related oxicams 
having similar analgesic and ant i - inf lammatory 
properties are also intended to be encompassed by this 
gro'up . 

In a specific embodiment, the present 
30 invention is directed to the use of a truncated sTNFR 

product in combination ; pre t reatment , post - treatment or 
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concurrent; treatment: with any of one cr mere 
pyrazcles, prodrug esters cr pharir.aceut ical ly 
acceptable salts thereof. The pyrazcles, prodrug 
esters and pharmaceut ically acceptable salts thereof 
5 which may be used comprise: di f enami cole and 

epirizole. Structurally related pyrazoles having 
similar analgesic and ant 1 - inflammatory properties are 
also intended to be encompassed by this group . 

In a specific embodiment, the present 

10 invention is directed to the use of a truncated sTNFR 

product in combination (pret reatment , post - treatment or 
concurrent treatment) with any of one or more 
pyrazolones, prodrug esters or pharmaceut ical ly 
acceptable salts thereof. The pyrazolones, prodrug 

15 esters and pharmaceut ical ly acceptable salts thereof 
which may be used comprise: apazone, azapropazone , 
benzpiperylon , f eprazone , mofebutazone , mora zone , 
oxyphenbutazone , phenylbutazone , pipebuzone , 
propyl phena zone , rami fena zone , suxibuzone and 

20 thiazolmobutazone . Structurally related pyrazalones 
having similar analgesic and ant i - inf lammatory 
properties are also intended to be encompassed by this 
group . 

In a specific embodiment, the present 
25 invention is directed t :> the use of a truncated sTNFR 
product in combination { pre t reatment , post - treatment 
or concurrent treatment) with any of one or more of 
the following NSAIDs : k - ace tamidocaproi c acid, 
S-adenosylmethionine , 3 - amino -4 - hydroxybutyr i c acid, 
30 amixetrine, anitrazafen, antrafenine, bendazac, 

bendazac lysmate , ben zy damme , beprozm , broperamoie , 
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bucoiome, bufez:Iac, ::prcquazcne, cloxiir.ate, 
daz idami ne , deb-xamet , dec omidine , di f enpiramide , 
di fenpyraTdde , di f is alanine , ditazoi , emorf a zone , 
fa net i z Die mesy 1 are, f enf 1 umi zole, flcctafenine , 
5 f lumizole, f lunixin, f luproquazone , fopirtolme, 

fosfosal, guaimesal , guaiazolene, isonixirn, lefetamme 
HC1, lef lunomide , lofemizole, lotifazole, lysin 
c 1 onixinate , meseclazone , nabumetone , met indole , 
nimesulide, orgotein, orpanoxin, oxaceprolm, oxapadol , 

10 paranyline, perisoxal, perisoxal citrate, pifoxime, 
piproxen, p i razolac , p i rf eni done , proquazone , 
proxazole, thielavin B, t i f 1 ami zole , timegadine, 
tolectin, tolpadol , tryptamid and those designated by 
company code number such as 480156S, AA861, AD1590, 

15 AFP802, AFP360, AI77B, AP504, AU8001, BPPC, BW540C, 
CHI NO IN 127, CN100, E3382, SL508, F1044, FK-506, 
GV3653, ITF182, KCNTEI6093, KME4 , LA 2 8 51, MR714, MR897, 
MY309, ONQ3144, PR823, PV102, PV103, R330, RS2131, 
SCR152, SH440, SIR133, S PAS 510, SQ27239, ST281, SY6001, 

20 TA60, TAI-901 { 4 - benzoyl - 1 - i ndancarboxyl i c acid), 

TVX2706, U60257, UR2 3 0 1 and WY41770. Structurally 
related NSAIDs having similar analgesic and anti- 
inflammatory properties to the above NSAIDs are also 
intended to be encompassed by this group. 

2 5 In a specific embodiment, the present 

invention is directed to the use of a truncated sTNFR 
product in combination ( pretreatment , pos t - t reatment or 
concurrent treatment) with any of one or more 
corticosteroids, prodrug esters or pharmaceut i cal ly 

30 acceptable salts thereof fcr the treatment of TNF- 

mediated diseases, as defined above, including acute 



and chronic inflammation such as rheumatic diseases 
(e.g., lyme disease, juvenile (rheumatoid) arthritis, 
osteoarthritis, psoriatic arthritis, rheumatoid 
arthritis and staphylococcal - induced ( "septic" ) 
arthritis); and multiple sclerosis. Corticosteroids, 
prodrug esters and pharmaceutically acceptable salts 
thereof include hydrocortisone and compounds which are 
derived from hydrocortisone, such as 
2 1 -acetoxypregnenol one , alclomerasone , algestone , 
amcinonide , beclomethasone , betamethasone , 
betamethasone valerate , budesonide , chloroprednisone , 
clobetasol , clobetasol propionate, clobetasone, 
clobetasone butyrate, clocortolone, cloprednol, 
cort icosterone , cortisone , cort ivazol , def lazacon, 
desonide , desoximerasone , dexamethasone , dif lorasone , 
di f lucortolone , dif luprednate , enoxolone , f luazacort , 
f luc loronide , f lumethasone , f lumethasone pivalate , 
flunisolide, flucinolone acetonide, f luoc inonide , 
f luorocinolone acetonide, fluocortin butyl, 
fluocortolone , f luorocor tolone hexanoate , 
dif lucortolone valerate , f luoromet ho lone , f luperolone 
acetate, f luprednidene acetate, f luprednisolone , 
f lurandenolide , f ormocortal , halcinonide , halometasone , 
halopredone acetate , hydrocort amate , hydrocortisone , 
hydrocort is one acetate, hydrocortisone butyrate , 
hydrocort i sone phosphate , hydrocort i sone 2 1 - sodium 
succinate, hydrocortisone tebutate, mazipredone, 
medrysone , mepredni sone , me thy lprednicolone , mometasone 
furcate , parametria sone , predni carbat e , prednisolone , 
prednisolone 2 1 - diedryaminoace t at e , prednisolone sodium 
phosphate, prednisolone sodium succinate, prednisolone 
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sodium 21-m-sulfobenzoate, prednisolone sodium 
21- stearoglycolate , prednisolone tebutate , prednisolone 
2 1 - trimethylacetate , prednisone , predmval , 
prednylidene , pre dnyl i dene 2 1 - diet hylaminoace t at e , 
5 tixocortol, triamcinolone, triamcinolone acetonide, 
triamcinolone benetonide and triamcinolone 
hexacetonide . Structurally related corticosteroids 
having similar analgesic and ant i - inflammatory 
properties are also intended to be encompassed by this 
10 group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
product in combination (pre~ reatment , post - treatment or 
concurrent treatment) with any of one or more 

15 slow-acting antirheumatic drugs (SAARDs) or disease 
modifying antirheumatic drugs (DMARDS) , prodrug 
esters or pharmaceutically acceptable salts thereof 
for the treatment of TNF-mediated diseases, as defined 
above, including acute and chronic inflammation such as 

20 rheumatic diseases (e.g., lyme disease, juvenile 
(rheumatoid) arthritis, osteoarthritis, psoriatic 
arthritis, rheumatoid arthritis and staphylococcal- 
induced ("septic") arthritis); and multiple sclerosis. 
SAARDs or DMARDS, prodrug esters and pharmaceutically 

25 acceptable salts thereof comprise: allocupreide 

sodium, auranof in, aurothio glucose , aurothioglycanide , 
azathioprine, brequinar sodium, bucillamine, calcium 3- 
aurothio- 2 -propanol -1-sulf onate, chlorambucil , 
chloroqume , clobuzarit , cup roxo line , cyclophosphamide , 

30 cyclosporin, dapsone, 1 5 - de Dxyspergual in , diacerein, 
glucosamine, gold salts (e.g., cycloquine gold salt, 
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geld sodium thicmalate, gold sodium thiosul f ate ) , 
hydroxychloroquine , hydroxyurea , kebuzone , levamisole, 
lobenzarit , melittin, 6 - me reap top urine , methotrexate , 
mizoribine, myccphenolat e mcfetil, myoral , nitrogen 
5 mustard, D-penicillamme , pyridmol imidazoles such as 
St:NF86002 and SB203580, rapamycm, thiols, thymopoietin 
and vincristine. Structurally related SAARDs or DMARDs 
having similar analgesic and ant i - inflammatory 
properties are also intended to be encompassed by this 
10 group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
product in combination (pret reatment , post - treatment or 
concurrent treatment) with any of one or more COX2 

15 inhibitors, their prodrug esters or pharmaceut ical ly 
acceptable salts thereof for the treatment of TNF - 
mediated diseases, as defined above, including acute 
and chronic inflammation. Examples of COX2 inhibitors, 
prodrug esters or pharmaceut ical ly acceptable salts 

20 thereof include, for example, celecoxib. Structurally 
related COX2 inhibitors having similar analgesic and 
ant i - inflammatory properties are also intended to be 
encompassed by this group. 

In a specific embodiment, the present 

25 invention is directed to the use of a truncated sTNFR 

product in combination (pret reatment , post - treatment or 
concurrent treatment) with any of one or more 
antimicrobials, prodrug esters or pharmaceut ical ly 
acceptable salts thereof for the treatment of TNF - 

30 mediated diseases, as defined above, including acute 

and chronic inflammation. Antimicrobials include, for 




example, ampicill in, amoxycillin, aureomicin, 
bacitracin, ceftazidime, ceftriaxone , cefotaxime , 
cephachior, cephalexin , cephradine , ciprofloxacin, 
clavulanic acid, clixacillm, dicloxaci 1 1 an , 
5 erythromycin, f lucl cxaci 1 lan , gentamicin, gramicidin, 
methicillan, neomycin, cxacillan, penicillin and 
vancomycin. Structurally related antimicrobials having 
similar analgesic and ant 1 - inflammatory properties are 
also intended to be encompassed by this group. 

10 In a specific embodiment, the present 

invention is directed to the use of a truncated sTNFR 
product in combination ( pret reatment , post - treatment or 
concurrent treatment) with any of one or more of the 
following compounds for the treatment of TNF-mediated 

15 diseases, as defined above, including acute and chronic 
inflammation: granulocyte colony stimulating factor; 
thalidomide; BN 50730; tenidap; E 5531; tiapafant 
PCA 4248; nimesulide; panavir; rolipram; RP 73401; 
peptide T; MDL 201,449A; ( 1R , 3 S ) - Ci s - 1 - [ 9 - ( 2 , 6 - 

2 0 diaminopurinyl ) ] - 3 - hydroxy- 4 - cyclopent ene 

hydrochloride; (1R, 3R) -trans-1- [9- (2 , 6-diammo) purine] - 
3 - ace toxycycl open tane ; t 1R, 3R) -trans-1 - [9-adenyl ) - 3 - 
azidocyclopentane hydrochloride and (1R,3R) -trans-1- 
[ 6 -hydroxy -pur in- 9 - y 1 ) - 3 -azidocyclopentane . 

25 In a specific embodiment, the present 

invention is directed to the use of a truncated sTNFR 
product in combination i pre treatment , post - treatment 
or concurrent treatment) with one or more additional 
TNF inhibitors for the treatment of TNF-mediated 

30 diseases, as defined above, including acute and 
chronic inflammation. TNF inhibitors include 




oomocunds and proteins which block in vivo synthesis 
or extracellular release of TNF , including the 
fcllcwing compounds. 

Additional TNF inhibitors include anti-TNF 
5 antibodies (e.g., MAK 195F Fab antibody (Holler et al . 

(1993) , 1st International Symposium on Cytokines in 
Bone Marrow Transplantation, 147; CDP 571 anti-TNF 
monoclonal antibody (Rankin et al . (1995), British 
Journal of Rheumatology, 3_4:334-342, the disclosure of 

10 which is hereby incorporated by reference) ; BAY X 1351 
murine ant i- tumor necrosis factor monoclonal antibody 
(Kieft et al . (1995), 7th European Congress of Clinical 
Microbiology and Infectious Diseases, 9, the disclosure 
of which is hereby incorporated by reference) ; CenTNF 

15 cA2 anti-TNF monoclonal antibody (Elliott et al . 

(1994) , Lancet, 344 : 1 125 - 1 127 and Elliott et al . 
(1994), Lancet, 344 : 1105-1110, the disclosures of which 
are hereby incorporated by reference) . 

In a specific embodiment, the present 
20 invention is directed to the use of a truncated sTNFR 

product in combination (pret reatment , post - treatment or 
concurrent treatment) with the soluble recombinant 
human Fas antigen or recombinant versions thereof (WO 
96/20206 and Mountz et al . , J". Immunology, 155 : 4829- 
25 4637; and EP 510 691), the disclosures of which are 

hereby incorporated by reference. WO 96/20206 discloses 
secreted human Fas antigen (native and recombinant, 
including an Ig fusion protein) , methods for isolating 
the genes respons ible for coding the soluble 
3 0 recombinant human Fas antigen, methods for cloning the 
gene in suitable vectors and cell types, and methods 




for expressing the gene to produce the inhibitors. EP 
510 691 teaches DNAs ceding for human Fas antigen, 
including soluble Fas antigen, vectors expressing for 
said DNAs and t rans f ormant s transfected with the 
5 vector. When administered parenterally, doses of a Fas 
antigen fusion protein each are generally from 1 
micrograms/kg to 100 mi crograms/kg . 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 

10 product in combination (pret reatment , post - treatment or 
concurrent treatment) with any of one or more 
interleukin-1 inhibitors for the treatment of TNF- 
mediated diseases, as defined above, including acute 
and chronic inflammation such as rheumatic diseases 

15 (e.g., lyme disease, juvenile (rheumatoid) arthritis, 
osteoarthritis, psoriatic arthritis, rheumatoid 
arthritis and staphylococcal - induced ( "septic" ) 
arthritis) ; brain injury as a result of trauma, 
epilepsy, hemorrhage or stroke; and multiple sclerosis. 

20 Classes of interleukin-1 inhibitors include 

interleukin-1 receptor antagonists (any compound 
capable of specifically preventing activation of 
cellular receptors to IL-1) such as IL-lra, as 
described below; anti-IL-1 receptor monoclonal 

25 antibodies (e.g., EP 623674, the disclosure of which is 
hereby incorporated by reference); IL-1 binding 
proteins such as soluble IL-1 receptors (e.g., U.S. P. 
5,492,888, U.S. P. 5,488,032, U.S. P. 5,464,937, U.S. P. 
5,319,071 and U.S. P. 5,180,812, the disclosures of 

30 which are hereby incorporated by reference); anti-IL-1 
monoclonal antibodies (e.g., WO 9501997, WO 9402627, WO 
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,1 ' 3006371, U.S.?. 4935343, EP 364778, EP 267611 and EP 

220 D63, the disclosures of which are hereby 
incorporated by reference) ; IL-1 receptor accessory 
proteins, e.g., WO 96/23067 (the disclosure of which is 
5 hereby incorporated by reference) and other compounds 
and proteins which blo^k in vivo synthesis or 
extracellular release of IL-1. 

I nt er leukin - 1 receptor antagonist (IL-lra) is 
a human protein that acts as a natural inhibitor of 

10 int erleukin- 1 . Preferred receptor antagonists, as well 
as methods of making and methods of using thereof, are 
described in U.S. Patent No. 5,075,222 (referred to 
herein as the '222 patent); WO 91/08285; WO 91/17184; 
AU 9173636; WO 92/16221; W093/21946; PCT International 

15 Application No. US97/02 13 1, which teaches a 

pharmaceutical composition comprising (a) an effective 
amount of controlled release polymer (e.g., hyaluronic 
acid) and (b) an effective amount of an IL-lra; WO 
94/06457; WO 94/21275; FR 2706772; WO 94/21235; DE 

20 4219626, WO 94/20517; and WO 96/22793, the disclosures 
of which are incorporated herein by reference. 
The proteins include glycosylated as well as non- 
glycosylated IL-1 receptor antagonists. 

Specifically, three preferred forms of IL-lra 

25 (IL-lraot, IL-lrafi and IL-lrax), each being derived 

from the same DNA coding sequence, are disclosed and 
described in U.S. Patent No. 5,075,222 by H annum et 
al . , entitled " Interleukin- 1 Inhibitors." This U.S. 
Patent, referred to herein as the '222 patent, is 

30 specifically incorporated herein by reference. All 

three of these interleukin- 1 inhibitors possess similar 




functions! and immunological activities. Methods for 
producing IL-1 inhibitcrs, particularly IL-lras, are 
also dis:losed in the '222 patent . One disclosed 
method involves isolating the inhibitors from human 
5 monocytes (where they are naturally produced) . A 
second disclosed method involves isolating the gene 
responsible for coding the IL-lras, cloning the gene in 
suitable vectors and cell types, expressing the gene to 
produce the IL-lras and harvesting the IL-lras. The 

10 latter method, which is exemplary of recombinant DNA 
methods in general, is a preferred method of the 
present invention. In a specific embodiment, an IL-lra 
contains an N- terminal methionyl group as a consequence 
of expression in E . coli. The present invention also 

15 includes modified IL-lras. The modified IL-lras 

include, for example, muteins of such inhibitors in 
which a cysteine residue is substituted for an amino 
acid at one or more sites in the amino acid sequence of 
a naturally-occurring inhibitor. Such muteins may then 

20 be site-selectively reacted with f unc t ional i zed 

polyethylene glycol (PEG) units or other sulfhydryl- 
containing polyethers to create IL-lra PEG species. 
PCT Publication No. WO 92/1622 1 discloses a number of 
modified IL-lra species and methods of making such PEG 

25 modified inhibitors. 

An additional class of inter 1 eukin- 1 
inhibitors includes compounds capable of specifically 
preventing activation of cellular receptors to IL-1. 
Such compounds include IL-1 handing proteins, such as 

3 0 soluble receptors and monoclonal antibodies. Such 
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compounds also include monoclonal antibodies to the 
receptors . 

A further class of interleukin- 1 inhibitors 
includes compounds and proteins which block in vivo 
5 synthesis and/or extracellular release of IL-1. Such 
compounds include agents which affect transcription of 
IL-1 genes or processing of IL-1 preproteins. 

The above is by way of example and does not 
preclude other treatments to be used concurrently with 

10 these ant i - inf 1 ammatory compounds that are known by 

those skilled in the art or that could be arrived at by 
those skilled in the art using the guidelines set forth 
in this specification. 

It is especially advantageous to formulate 

15 compositions of the additional ant i - inf lammatory 
compounds in dosage unit form for ease of 
administration and uniformity of dosage. "Dosage unit 
form" as used herein refers to physically discrete 
units suited as unitary dosages for the mammalian 

20 subjects to be treated, each unit containing a 

predetermined quantity of additional ant i - inf lammatory 
compounds calculated to produce the desired therapeutic 
effect in association with the required pharmaceutical 
carrier. As used herein, " pharmaceut ical ly acceptable 

25 carrier" includes any and all solvents, dispersion 

media, coating, antibacterial and antifungal agents, 
isotonic and absorption delaying agents and the like 
which are compatible with the active ingredient and 
with the mode of administration and other ingredients 

30 of the formulation and not deleterious to the 

recipient. The use of such media and agents is well 





kncwn in the art ;see for example, Remington's 
Pharmaceutical Sciences, 13th Ed. (1990', Mack 
Publishing Co., Easton, PA 18C42, pages 1435-1712, the 
disclosure of which is hereby incorporated by 



additional ant i - inf la mm at ory compound may be 
incorporated with excipients and used in the form of 

10 mgestible tablets, buccal tablets, troches, capsules, 
elixers, suspensions, syrups, wafers and the like, or 
it may be incorporated directly with the food in the 
diet. The tablets, troches, pills, capsules and the 
like may also contain the following: a binder such as 

15 gum tragacanth, acacia, corn starch or gelatin; 
excipients such as dicalcium phosphate; a 
disintegrating agent such as corn starch, alginic acid 
and the like; a lubricant such as magnesium stearate; a 
sweetening agent such as sucrose, lactose or saccharin; 

2 0 or a flavoring agent such as peppermint, oil of 

wintergreen or cherry or orange flavoring. When the 
dosage unit form is a capsule, it may contain, in 
addition to material of the above type, a liquid 
carrier. Various other materials may be present as a 

25 coating or to otherwise modify the physical form of the 
dosage unit. For instance, tablets, pills or capsules 
may be coated with shellac, sugar or both. Of course, 
any material used in preparing any dosage unit form 
should be pharmaceut l cal ly pure and substantially 

30 non-toxic in the amounts employed. In addition, the 
additional ant i - inflammatory compound may be 



5 




For oral therapeutic administration, the 
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incorcorated :n:o a sus: a med- release preparation 
and formulation. The a-oun: of the additional 
ant 1 - inflammatory compound m such a therapeutically 
useful composition is such that a suitable dosage will 
5 be obtained. 

For parenteral therapeutic administration, 
each additional anti - inflammatory compound may be 
incorporated with a sterile injectable solution. 
The sterile injectable solution may be prepared by 

10 incorporating the additional ant i - inf lammatory 

compound in the required amount in an appropriate 
pharmaceutically acceptable carrier, with various other 
ingredients enumerated below (required) , followed by 
filtered sterilization. In the case of dispersions, 

15 each may be prepared by incorporating the additional 

ant i - inf lammatory compound into a sterile vehicle which 
contains the basic dispersion medium and the required 
other ingredients from those enumerated above. In the 
case of sterile injectable solutions, each may be 

20 prepared by incorporating a powder of the additional 
ant i - inf lammatory compound and, optionally, any 
additional desired ingredient from a previously 
sterile- filtered solution thereof, wherein the powder 
is prepared by any suitable technique (e.g., vacuum 

25 drying and freeze drying) . 

The specific dose of the additional anti- 
inflammatory compound is calculated according to the 
approximate body weight or surface area of the patient. 
Other factors in determining the appropriate dosage can 

3 0 include the acute or chronic inflammatory disease or 
condition to be treated cr prevented, the severity of 
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the disease, the route of administration, and the age, 
J sex and medical condition of the patient. Further 

refinement of the calculations necessary to determine 
the appropriate dosage for treatment involving each of 
5 the above-mentioned formulations is routinely made by 
those skilled in the art. Dosages can also be 
determined through the use of known assays for 
determining dosages used in conjunction with 
appropriate dose - response data . 

10 Thus, for example, it is within the scope 

of the invention that doses of the additional 
anti-inf lammatory compounds selected for treating a 
particular acute or chronic inflammatory disease such 
as rheumatic diseases (e.g., lyme disease, juvenile 

15 (rheumatoid) arthritis, osteoarthritis, psoriatic 

arthritis, rheumatoid arthritis and staphylococcal- 
induced ("septic") arthritis) can be varied to achieve 
a desired therapeutic effect. Where one of the 
additional ant i - inf lammatory compounds has side 

20 effects, it can be given to patients during alternate 

treatment periods of combination therapy. For example, 
chronic methotrexate treatment is associated with 
gastrointestinal, hepatic, bone marrow and pulmonary 
toxicity (Sandoval et al . (1995), British Journal of 

25 Rheumatology, 3_4:49-56, the disclosure of which is 
hereby incorporated by reference) . 

Tests for monitoring the improvement of a 
disease can include specific tests directed, for 
example, to the determination of systemic response to 

30 inflammation, which include the erythrocyte 

sedimentation rate (ESR) and acute phase reactants 




(APR) . Observations are made of the swelling, etc. of 
the afflicted body parts. Improvement in stiffness, 
and grip (where applicable) , and reduction in pain of 
the patient is also observed. If the patient's 
5 condition is stable, he is re-treated at the same 

dosage weekly and is evaluated weekly. Provided the 
patient's condition is stable, the treatment may be 
continued. After six months of treatment, anatomical 
changes of the skeleton are determined by radiologic 

10 imaging, for example by X - radiography . 

At the end of each period, the patient is 
again evaluated. Comparison of the pre - treatment and 
pest - treatment radiological assessment, ESR and APR 
indicates the efficacy of the treatments. According to 

15 the efficacy of the treatments and the patient's 

condition, the dosage may be increased or maintained 
constant for the duration of treatment. 

Preferably, the present invention is directed 
to a method with, optionally, one of the following 

20 combinations to treat or prevent an acute or chronic 
inflammatory disease and condition, as defined above, 
such as rheumatic diseases (e.g., lyme disease, 
j uvem le ( rheumatoid) arthritis, osteoarthritis , 
psoriatic arthritis, rheumatoid arthritis and 

25 st aphylococcal - induced ("septic") arthritis): a 

truncated sTNFR product and methotrexate; a truncated 
sTNFR product, methotrexate and an IL-1 inhibitor, 
preferably IL-lra; a truncated sTNFR product and any 
one or more of methotrexate, an immunosuppressant 

30 (e.g., cyclosporin) , ciprofloxacin, the Fas antigen and 
an IL-1 inhibitor, preferably IL-lra; a truncated sTNFR 
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nroduct and methotrexate and an immunosuppressant 
-.e.g. , cyclosporin); a truroated sTNFR product and 
methotrexate and c 10 rof 1 cxa :in ; and a truncated sTNFR 
product and methotrexate and an IL-1 inhibitor, 
5 preferably IL-lra; a truncated sTNFR product and any 
one cr more of methotrexate, sulphasazine and 
hydroxychloroquine; a truncated sTNFR product, 
methotrexate and hydroxychloroquine; and a truncated 
sTNFR product, methotrexate and sulphasazine. 

10 In a specific preferred embodiment, the 

method comprises the administration (e.g., intra- 
articular, subcutaneous or intramuscular) of a 
truncated sTNFR product (optionally formulated in a 
sustained release formulation (e.g., hyaluronan) ) 

15 optionally in combination (pret reatment , pos t - t reatment 
or concurrent treatment) with methotrexate and/or an 
IL-1 inhibitor (e.g., IL-lra) and/or the soluble 
recombinant human Fas antigen to treat rheumatic 
diseases, as defined above (e.g., lyme disease, 

20 juvenile (rheumatoid) arthritis, osteoarthritis, 
psoriatic arthritis, rheumatoid arthritis and 
staphylococcal - induced ("septic") and the symptoms 
associated therewith . 

In a specific preferred embodiment, the 

25 method comprises the administration (e.g., intravenous 
or intraventricular) of a truncated sTNFR product 
(opt ional ly formulated in a sustained release 
formulation (e.g., hyaluronan)) optionally in 
combination ( pre t reatment , p est - 1 reatment or concurrent 

30 treatment) with tissue plasminogen activator and/or an 
IL-1 inhibitor (e.g., IL-lra) to treat brain injury as 
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of which may lead tc neurodegeneraticn. 

In a specific preferred embodiment, the 



method ccmprises the administration (e.g., subcutaneous 
5 or intramuscular) of a truncated sTNFR product 
(optionally formulated m a sustained release 
formulation (e.g., hyaluronan) ) optionally in 
combination (pret reatment , pos t - t reat ment or concurrent 
treatment) with one or more of a corticosteroid, 
10 cyclosporin, FK-506, or an interferon (e.g., alpha 



15 method comprises the administration (e.g., subcutaneous 
or intramuscular) of a truncated sTNFR product 
(optionally formulated in a sustained release 
formulation (e.g., hyaluronan)) optionally in 
combination (pret reatment. , post - treat ment or concurrent 

20 treatment) with G-CSF and/or IL-lra to treat 
inflammatory bowel disease. 



method comprises the administration (e.g., subcutaneous 
or intramuscular) of a truncated sTNFR product 

25 (optionally formulated in a sustained release 
formulation (e.g., hyaluronan)) optionally in 
combination (pret reatment , post - treatment or concurrent 
treatment) with lectin, Marinor" or Megace™ to treat 
cachexia/anorexia . 

30 In a specific preferred embodiment, the 

method comprises the administration (e.g., 




sclerosi s . 



In a specific preferred embodiment, the 



In a specific preferred embodiment, the 




subcutaneous, intraventricular or intrathecal) of a 
truncated sTXFR product (optionally formulated in a 
sustained release formulation (e.g., hyaiuronan) ) 
optionally in combination (pret reatment , pos t - t reatment 
5 or concurrent treatment) with an NSAID (e.g., 

indomethacm) and/or an IL-1 inhibitor (e.g. IL-lra) to 
treat Alzheimer's disease. 

In a specific preferred embodiment, the 
method comprises the administration (e.g., 

10 subcutaneous, intraventricular or intrathecal) of a 
truncated sTNFR product (optionally formulated in a 
sustained release formulation (e.g., hyaiuronan)) 
optionally in combination (pret reatment , pos t - t reatment 
or concurrent treatment) with a soluble recombinant 

15 human Fas antigen to treat cancer (e.g., leukemias); 
diabetes (e.g., juvenile onset Type 1 diabetes 
mellitus) ; graft versus host rejection; hepatitis; 
ischemic/reperf usion injury, including cerebral 
ischemia (brain injury as a result of trauma, epilepsy, 

2 0 hemorrhage or stroke, each of which may lead to 
neurodegenerat ion) ; neuroinf lammatory diseases; 
rheumatic diseases, as defined above (e.g., lyme 
disease, -juvenile (rheumatoid) arthritis, 
osteoarthritis, psoriatic arthritis, rheumatoid 

25 arthritis and staphylococcal - induced ("septic") and 
tissue transplantation . 

Other aspects and advantages of the present 
invention will be understood upon consideration of the 
following illustrative examples. 



30 




EXAMPLES 

Standard methods for many of the procedures 
described in the following examples, or suitable 
5 alternative procedures, are provided in widely 

recognized manuals of molecular biology such as, for 
example, Sambrook et al . (19£9), supra and Ausubel 
et al . (1990' , supra. For the reader's convenience, 
u mL" refers to milliliters, "L" refers to liters. 

10 

Example I 

The following example teaches the production 
of various forms of truncated, recombinant soluble 
15 TNFR-I: sTNFR-I 2.6D/C105; sTNFR-I 2.6D/C106; sTNFR-I 

2.6D/N105; sTNFR-I 2 . 3D/d8 ; sTNFR-I 2.3D/dl8 and sTNFR- 
I 2.3D/dl5. 

A . Preparat ion of DNA : 

2 0 1 . sTNFR - 1 2 . 6 D /C1 06 

PCR amplification of sTNFR-I 2.6D/C106 is 
carried out using as a template a cloned cDNA derived 
from the clone lambda-gt 107ctnf bp (EP 422339) and the 
following PCR primers : 

25 

5' QLIG0#1: (SEQ ID NO : 1 7 ) 

5 * -GGTTAGCCATATGGACAGCGTTTGCCCCCAA-3 ' 

3' OLIGO#2: (SEQ ID NO : 1 8 ) 

3 0 5 ' - CCCAAGCTTTTACAGAGAGCAATTGAAGCACTG- 3 ' 

OLIGOfcl and OLIGO#2 encode Ndel and Hindi 1 1 
and anneal the 5' and 3' end of the truncated gene, 

respectively. PCR amplification is run for 25 cycles; 
35 each cycle consisting of 3 0 seconds at 94°C for 

denat urat ion , IE sec onds at 55°" for anneal mg , and 1 
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minute at 72 °C for elongation [Model 2400 thermocycler 
(Perkin-Elmer Cetus, Norwalk, CT) ] . The PGR product is 
purified using a QIAquick™ FCR Purification Kit 
( QIAGEN , Chatsworth, CA) according to the 
5 manufacturer's instructions. The purified PCR product 
is cut with Ndel and Hindi I I then gel purified using 
the QIAquick™ Gel Extraction Kit (QIAGEN, Chatsworth, 
CA) according to the manufacturer's instructions. The 
gel isolated PCR product is ligated into pAMGll (WO 
10 95/26746) and transformed into FM15 E. coli cells (ATCC 
55765) . 

2 . sTNFR - I 2 . 6D/C105 

PCR amplification of sTNFR-I 2 . 6D/C105 is 
15 carried out using the sTNFR-I 2.6D/C106 plasmid DNA as 
a template and the following PCR primers: 

OLIGO#3 : (SEQ ID NO : 1 9 ) 

5 ' -ACTCGA GGATCCGCGGATAAATAAGTAACGATCCGGTCCA-3 ' 
2 0 OLIGO#4 : (SEQ ID NO : 2 0 ) 

5 ' -CAGGTCGGATCCTATCAGCAGAAGCACTGGAAAAGGTTTTC-3 1 

OLIGO#3 and OLIGO#4 encode BamHI and mutation 
N(105)C followed by a stop codon . The OLIGOS are 

25 designed to extend completely around the template for 
incorporation of the new BamHI site for ligation. PCR 
amplification is run for 35 cycles; 10 cycles, each 
cycle consisting of 10 seconds at 92°C for 
denaturat ion, 30 seconds at 55°C for annealing, and 4 

30 minutes at 68°C for elongation followed by 25 cycles, 
each cycle consisting of 10 seconds at 92°C for 
denaturat ion, 30 seconds at 55°C for annealing, and 4 
minutes + 20 seconds at 68°C for elongation [Model 2400 
thermocycler (Perkin-Elmer Cetus, Norwalk, CT) ] . The 

35 PCR product is gel purified using the QIAquick™ Gel 
Extraction Kit (QIAGEN, Chatsworth, CA) according to 
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the rr.ar;j:a::urer's instructions, cut with BamHZ , 
phenol/chlcrof orm extracted and ethancl precipitated. 
It is then resuspended, ligated into pAMGll, and 
transformed into FM15 E . coli cells. 

5 

3 . sTNFR- I 2 . 6P/N10 5 

PGR amplification of sTNFR-I 2.6D/N105 is 
carried out using the sTNFR-I 2.6D/C1C6 plasmid DNA as 
a template and the following PGR primers: 

10 

5' OLIGO#5: (SEQ ID NO : 2 1 ) 

5 ' -GGTTAGCCATATGGACAGCGTTTGCCCCCAA-3 ' 

3' OLIGO#6: ( SEQ ID NO : 2 2 ) 

5 ' -CGCGGATCCCTATTAATTGAAGCACTGGAAAAGG-3 1 

15 

OLIGO#5 and OLIGO#6 encode iVdel and BamHI and 
anneal to the 5' and 3' end of the truncated gene, 
respectively. PGR amplification is run for 30 cycles; 
each cycle consisting of 45 seconds at 95°C for 

20 denaturat ion , one minute at 65°C for annealing, and two 
minutes at 72°C for elongation [Model 2400 thermocycler 
(Perkin- Elmer Cetus, Norwalk, GT) ] . 

The PCR product is purified using the 
Wizard™ DNA Clean-Up System (Promega, Madison, WI) 

25 according to the manufacturer's instructions. The 
purified PGR product is cut with iVdel and BamHI, 
phenol/chloroform extracted and ethanol precipitated. 
It is then resuspended, ligated into pAMGll and 
transformed into FM15 E . coli cells. 

30 Based upon the description of the present 

invention, those of ordinary skill in the art will 
appreciate that a variety of materials and methods may 
readily be used or adapted for suitable expression in a 
host cell .e.g., E. coli and other bacteria) . 
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4 . sT NFR 2.3C/dl8; sTNFR-I 2 . 3D/d8 and sTNFR-I 
2 . 3D/dl5 

PGR amplification of sTNFR-I 2.3D/dl8; sTNFR- 
I 2.3D/dS and sTNFR-I 2.3D/dl5 are each carried out 
5 using 2.6D/C1Q6 plasmid E--NA as a template and the 
following PGR primers: 

sTNFR-I 2.3D/d3 PGR Primers: 

10 5' OLIGO#7: (SEQ ID NO: 23) 

5 ' -CCCCATATGTATATCCACCCTCAAAATAAT-3 1 
3' OLIGO#8: (SEQ ID NO : 2 4 ) 

5 1 -CCCAAGCTTTTACAGAGAGCAATTGAAGCACTG-3 ' 
15 sTNFR-I 2.3D/dl5 PCR Primers 
5' OLIGO#9: ( SEQ ID NO : 2 5 ) 

5 ' -CCCCATATGTCGATTAGCTGTACCAAGTGCCACAAAGG-3 ' 
3' OLIGO#10: (SEQ ID NO : 2 6 ) 
2 0 5 1 - GGGAAGGTTTTACAGAGAGGAATTGAAGGACTG - 3 ' 

sTNFR-I 2.3D/dl8 PCR Primers 

5' OLIGO#ll: (SEQ ID NO : 2 7 ) 
2 5 5 1 -CCCCATATGTGTACCAAGTGCCACAAAGGA-3 1 

3* OLIGO#12: (SEQ ID NO : 2 8 ) 
5 ' -CCCAAGCTTTTACAGAGAGCAATTGAAGCACTG-3 1 

OLIGO#7, OLIGO#9 and OLIGO#ll each encode 
30 iVdel and OLIGO#8, OLIGO#10 and OLIGO#12 each encode 
Hindi II. PCR amplifications are run for 25 cycles; 
each cycle consisting of 4 5 seconds at 95 °C for 
denaturation, 1 mmuoe at 65°C for annealing, and 2 
minutes at 72°C for elongation [Model 2400 thermocycler 
35 ( Perkin-Elmer Cetus, N:rwalk, CT) ] . The PCR products 
are purified using the Wizard™ DNA Clean-Up System 




(Prcmega, Madison, VIZ) according :o the manufacturer's 
instructions. The purified ?CR products are cut with 
Ndel and HindlZI , phenol /chloroform extracted and 
ethane 1 precipitated. They are resuspended, ligated 
5 into- cAMGll, and transformed into FM15 E . coli cells. 

B. Production in E. coli: 

Initially, one small freshly cultured inocula 
of the desired recombinant E . coli clone harboring the 

10 desired construct for sTNFR-I 2.6D/N10 5, sTN T FR-I 

2.6D/C105 sTK'FR - 1 2.6D/C106, sTNFR 2.3D/dl3, sTNFR - I 
2.3D/d3 and sTNFR-I 2.3D/dl= is started by transferring 
the entire contents of a frozen glycerol stock seed 
ampule (ca. 1.5 mL) into a 2 L flask containing 500 mL 

15 of Luria broth. The culture is incubated in a gyratory 
shaker at 37°C operating at 350 rpm . The density of 
the culture is determined by measuring absorbance at 
660 nm (QDggq) . The seed culture is grown to a density 

of _> 2.0 OD^^o, a t which time 12 5 mL is aseptically 

20 transferred to the 15 L production fermentor containing 
10 L of sterile growth medium. 

The batch medium and fermentation conditions 
for the production fermentation are the complex medium 
fermentation conditions as described by Sniff (1993), 

2 5 "A Chemically-Defined Medium for the Overproduction of 
a Recombinant Protein in E . coli," thesis, Colorado 
State University. Generally, the reference teaches the 
use of a complex medium containing casein hydrolysate, 
salts, glycerin and ant i foam, which are sterilized in 

30 the fermentor. After the tank is cooled to- below 40°C, 
filter sterilized trace minerals and thiamine 
hydrochloride are added. 

When the medium temperature is stable at 
37°C, the medium is inoculated with the seed culture. 

35 Culture growth is monitored by measuring 00^60 • The 
culture is maintained at a pH of 6.0 by the automatic 




addition of 5 M sodium hydroxide and 5 M hydrochloric 
arid. When the CZ-^sO 1S between 9.5 and 1C.5, the 
culture i s induced by the aseptic addition of sterile 
isopropyl -D thiogalactopyranoside (IPTG) to a final 
5 concentration of I.50mM. The culture is harvested upon 
cessation of growth. 

The culture medium and growth conditions are 
as described by Sniff (1993), supra , with the following 
exceptions: ammonium sulfate (2.0 g/L) and L-cysteine 

10 hydrochloride monohydrate (1.0 g/L) are added to the 

medium; tetracycline hydrochloride is omitted from the 
medium; the pH is maintained at 6.0 with sodium 
hydroxide and hydrochloric acid, rather than at 7.0 
with only sodium hydroxide; the growth temperature is 

15 increased to 37°C; the inducer concentration has been 
increased from 0.15mM to 0.50mM IPTG; and the harvest 
criteria is based on cessation of growth rather than 
time after induction. 

At the completion of the fermentation, the 

20 cells are harvested in cent ri fugat ion in 500 mL 

bottles. The cells are pelleted by cent ri fugat ion at 
10,000 rpm for 3 0 minutes. The recovered cell paste is 
diluted to 15% solids in a breaking buffer composed of 
50mM Tris and 5mM EDTA at pH 8.0. The suspended cells 

25 are then lysed by passing the solution through a 

homogenizer (APV Gaulin, Inc., Everett, MA) operating 
at 8000 psi pressure three times. The homogenate is 
then centrifuged at 10,000 rpm for 30 minutes to 
recover the inclusion bodies (IBs). The IBs are washed 

30 by resuspending in breaking buffer and centrifuging the 
solution a third time at 10,000 rpm for 30 minutes. 
The IBs are resuspended in deionized water (1:1 ratio) 
and centrifuged a final time at 10,000 rpm for 30 
minutes for the second wash. The recovered, washed 

35 inclusion bodies for each protein are ready for 




solubilization, refold and purif lcaticn. Each run 
yields approximately 200-250g of IBs. 

In an alternative embodiment, the truncated 
sTNFR-1 may be fermented as follows: 
5 Initially, a small freshly cultured inoculum 

of the desired recombinant E . coli clone harboring the 
desired construct for sTNFR-I 2.6D/N105 or sTNFR-I 
2.6D/C106 is started by transferring the entire 
contents of a frozen glycerol stock seed ampule (ca. 

10 1.5 mL) into a 2 L flask containing 5C0 mL of 10 g/L 

3BL yeast extract, pH 7.0. The culture is incubated in 
a gyratory shaker at 33 °C operating at 3 00 rpm. The 
density of the culture is determined by measuring 
absorbance at 600 nm (ODgQO) . The seed culture is 

15 grown to a density of > 2.0 ODgoO, at which time it is 
aseptically transferred (80 mL) to the 15 L production 
fermentor containing 7 L of sterile growth medium. 

The production fermentation employs a fed- 
batch process. The batch medium is a complex medium 

20 containing yeast extract, salts, and ant i foam, which 
are sterilized in the fermentor. After the tank is 
cooled to below 40°C / filter sterilized trace minerals, 
glucose, magnesium sulfate, and hexamet aphosphate are 
added. Two feeds are employed, the first being a carbon 

25 containing feed (glucose/magnesium sulfate) and the 
second a nitrogen feed containing yeast extract. 

When the batch medium temperature is stable 
at 33 °C, the medium is inoculated with the seed 
culture. Culture growth is monitored by measuring 

30 ODgQO- T ^~ e culture is maintained at a pH of 7 . 0 by the 
automatic addition of ammonium hydroxide and 4 8.7% 
citric acid. When the CO£0 0 is between 8.0 and 12.0, 

feed I is initiated using an exponential feed rate. 
When the OD... is between 30 and 40, feed 2 is initiated 
35 using a constant feed rate. When the OD_ ::: reached 67- 
83, the culture is induced by the aseptic addition of 




sterile auto inducer .'. hcrroser ine lactone) to a final 
concentration of 3.6 mg/L. 3c th feed I and II rates are 
changed to a constant rate at induction. The culture 
is harvested at 16 ± 2 hrs post induction.. 
5 At the completion cf the fermentation, the 

cells are harvested in cent ri fugat ion in 500 mL 
bottles. The cells are pelleted by cent ri fugat ion at 
10,000 rpm for 30 minutes. The recovered cell paste is 
diluted to 15% sod ids in a breaking buffer composed of 

10 5 0 mM Tris and 5 mM EDTA at pH 8.0. The suspended 

cells are then lysed by passing the solution through a 
homogenizer (APV Gaul in, Inc., Everett, MA) operating 
at 8000 psi pressure three times. The homogenate is 
then centrifuged at 10,000 rpm for 3 0 minutes to 

15 recover the inclusion bodies (IBs) . The IBs are washed 
by resuspending in breaking buffer and centrifuging the 
solution a third time at 10,000 rpm for 3 0 minutes. 
The IBs are resuspended in deionized water (1:1 ratio) 
and centrifuged a final time at 10,000 rpm for 30 

20 minutes for the second wash. The recovered , washed 

inclusion bodies are ready for solubilization, refold 
and puri f icat ion . 

C . Solubilization/Ref old : 

25 The washed IBs from each entire 10 L 

fermentation are solubilized in 800 mL of 
solubilization buffer (50mM Tris, 8M Urea, 160mM 
cysteine pH9.5) . The pH of the solubilization mixture 
is adjusted to 9.5 with 10N NaOH and allowed to stir at 

3 0 room temperature fur 2-3 hours. Each run yielded 
approximately 200-250g of IBs. 

Each s d lubi 1 l zat i du mixture is diluted 1:20 
into cold Renaturation Buffer (50mM Tris, 1 . 1M Urea) . 
Each final volume is about 16 L. Thereafter each 

35 mixture is adjusted to pH 9.7 with 6N HCl , and slowly 
stirred at 4 ° I for 2-3 days. 
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The pH cf each mixture is then adjusted to 
5.0 with glacial acetic acid and 6N HCl . In each 
mixture a precipitate is formed which is removed by 
centrif ugat ion at 10,000 X g on a Beckman Model J2-HS 
5 centrifuge. Each material is then filtered through a 
5/im and a 0.22^m filter. 

D . Purif icat ion : 

The refold materials are ready for column 
10 purification on an IX- 1 S?-Sepharose Big Bead™ column 
(Pharmacia Biotech, Inc. , Piscataway, NJ) . 

IX-1 SP-Sepharose Big Bead™ column (4.4 cm x 20 cm) 

Buffer A Buffer B 

25mM Acetate 25mM Acetate 

50mM NaCl 375mM NaCl 



15 



pH5 . 0 pH5 . 0 



A column is equilibrated with 4-5 column 
volumes Buffer A prior to separate loadings of each 
refold material. The refold materials are separately 
loaded onto the column for purification. For each 

20 loading, the column is loaded with no more than twelve 
grams of protein per liter of resin. For each loading, 
the column is then washed with 3-4 column volumes of 
Buffer A (until U.V. returned to baseline) . For each 
loading, protein is eluted off the column using a 

25 linear eight column volume increasing salt gradient 
running from 50-375mM NaCl. The entire protein peak 
for each loading is collected into one pool. The 
collection of each protein peak is started when the 
U.V. absorbance rose to about 20% of peak maximum. 

30 Pooling is stopped when the earlier of either the U.V. 
absorbance reached about 50% of peak maximum or the 
absorbance stops declining. 
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Flowrate - 7.5 cv/hr for the Equilibration, wash 

15 cv/hr for the load 
6 cv/hr for the elution 
5 Each column purification is run at 4°C. 

Each IX-1 pool is ready for purification on a 
Toyo Pearl™ Butyl 65CM HIC column (Toso Haas, 
Philadelphia, PA) . 

30 0 mL - Toyo Pearl Butyl™ 650M column (4.4 cm x 20 
cmj_ 

B uffer A Dilution Buffer Buffer B 

2 0mM NaP04 4 0mM Na NaP04 Milli Q H2O 

1 . 8M NaCl, pH6 . 0 4M NaClpH6 . 0 

The column is equilibrated with 4-5 column 
volumes of Buffer A prior to separate loadings of each 
IX-1 pool material. Each IX-1 pool is diluted 1:1 with 
Dilution Buffer and the pH adjusted to 6.0. For each 
loading, the diluted IX-1 pool is loaded onto a column. 
For each loading, the column is loaded with no more 
than ten grams of protein per liter of resin. For each 
loading, the column is washed with 3 column volumes of 
buffer. For each loading, protein is eluted off the 
column with a linear eight column volume decreasing 
salt gradient running from 1 . 8M NaCl to H2 0 . The 

collection of each protein peak is started when the 
U.V. absorbance rose to about 15-20% of peak maximum. 
Pooling is stopped when the earlier of either the U.V. 
absorbance reached about 50% of peak maximum or the 
absorbance stops declining. 



20 



25 



rlowrate - 6 cv/hr for :he equilibration, load and wash 

3 cv/hr for the elution 
Each column purification is run at room temperature. 

5 Each HIC pool is ready for concentration/ 

diaf iltrat ion . 

Concentratio n/ Pi a fi It rati on (C/D) 

A 1 sq ft PLCC™ regenerated cellulose 
10 5,000 M.W. cutoff membrane (Milli-Pore, Bedford, MA) is 
used for the C/D step for each HIC pool. Each HIC pool 
is concentrated down to around 2 00 mL and then 
diafiltrated against 6-7 volumes of 20mJM NaP04 pH6 . 0 

until the conductivity is < 4mm hour. 

15 

Each concentration/ diaf il t rat ion step is done at room 
temperature . 

Each C/D pool is then ready for purification 
20 on an IX-2 - 365 mL SP-Sepharose HP™ column (Pharmacia 
Biotech, Inc., Piscataway, NJ) . 

IX-2 - 365 mL SP-Sepharose HP™ column (5 cm x 18.5 cm) 

Equilibration Buffer A Buffer B 

Buffer 

20mM Na NaPC>4 20mM NaP04 20mM NaPC>4 

pH6 . 0 pH6.3 5 0mM NaCl pH6 . 8 

25 

The column is equilibrated with 4 column 
volumes Equilibration Buffer prior to separate loadings 
of each C/D pool. Each C/D pool is loaded onto the 
column using no more then eight grams of protein per 
30 liter of resin. For each loading, the column is washed 
with 3 column volumes Equilibration Buffer followed by 
3 column volumes Buffer A. For each loading, protein 




is eluted off the column with a linear eight column 
volume gradient consisting of a pH gradient from 6.3 - 
6.6 and a salt gradient running from 0 - 5 :mN NaCi 
(Buffer B) . Pooling is started at 1.0 O.D. up the 
5 front side of the peak and stopped at 50% of the peak 
max on the back side. 

In an alternative embodiment, the truncated 
sTNFR-1 may be solubilized, re-folded and purified as 
f ol lows : 

10 

C . 1 Solubi 1 i zat ion/ Re fold : 

The washed IBs are solubilized with 8M urea, 
60mM Tris, lOOmM cysteine to give a final concentration 
of 6.5 M urea, 50mM Tris and 8 0mM cysteine, pH 9.4 and 

15 5-10 mg/mL truncated sTNFR-1. (The latter is based 

on a quantitation of the amount of truncated sTNFR-1 in 
washed IBs on a g/L basis.) The material is allowed to 
stir at room temperature for 90 minutes and is then 
refolded by diluting 1:10 into cold (4 - 8 °C) 0.35M 

20 urea, 50mM Tris, pH 9.8 (pH measurement taken at 4 - 8 
°C) . 

The refold solution is allowed to stir for 24 
- 72 hours at 4 - 8 °C . At the end of this time, 
glacial acetic acid is added (~ 20mM) and the pH is 
25 adjusted to 5.0. The precipitate that forms is removed 
by centrif ugation and the supernatant saved for loading 
the first column. 

D.l Purification 

30 The clarified acid precipitation pool is 

loaded onto an S?-Sepharose Big Bead™ column 
(Pharmacia Biotech, Inc., Piscataway, NJ) that has been 
equilibrated with 20mM sodium acetate, 75mM NaCl, pH 
5.0. The column is loaded with no more than 15 g 

35 truncated sTNFR-1 per L red volume. After loading the 
column is washed with 3 column volumes of 2 0mM sodium 




acetate, 75mM NaCl , pH 5.0 and eluted with a linear 9 
column gradient from 75^ tc 45CmM NaCl in 20mM sodium 
acetate, pH 5.0. The entire SP-Sepharose Big Bead™ 
column (SP-BB) step is run at 4 - 8 °C. 
5 The SP-BB pool is diluted 1:1 with 2M NaCl, 

6 0mM acetate, pH 4 . 5 and the pH adjusted to 4.5 if 
necessary. The diluted SP-BB pool is loaded on to a 
Tcyopearl™ Butyl 650M column (Toso Haas, Philadelphia, 
PA) that had been equilibrated with 1M NaCl, 30mM 

10 acetate, pH 4.5. The column is loaded with -10-13 

grams of truncated sTNFR-1 per liter bed volume. After 
loading, the column is washed with 3 column volumes of 
1M NaCl, 30mM acetate, pH 4.5 and eluted with a linear 
8 column volume gradient of 1M - 0M NaCl in 30mM 

15 acetate, pH 4.5. 

The purified truncated sTNFR-1 fractions from 
the Butyl 650M column are pooled, diluted 1:5 with 
water and loaded onto an SP-Sepharose High 
Performance™ column (SP-HP) (Pharmacia Biotech, Inc., 

20 Piscataway, NJ) that has been equilibrated with 30mM 
acetate, pH 4 . 5 (loading no more than ~* 15 g/L bed 
volume) . The column is then washed with 3 column 
volumes of 3 0mM acetate, pH 4 . 5 and eluted with a 
linear 12 column volume gradient going from lOOmM to 

25 400mM NaCl in 30mM acetate, pH 4.5. The purified 

truncated sTNFR-1 fractions are pooled and adjusted to 
pH 5.0 with NaOH . 

C . PEGylat ion : 
3 0 1 . Preparation of sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) . 

To a cooled (4 °C) , stirred solution of 

sTNFR-2 . 6D/N105 (3.5 mg/ml ) in 50mM sodium acetate, pH 

4, is added a 3-fold molar excess of t -BuPEG (mono-t- 

butoxy-polyethylene glycol, average MW=33kDa, 

35 Shearwater Polymers, Inc.). NaCNBH3 is added to a final 




+ ^ o 

concen:ra:iori of 20mM, and the reaction mixture is 
stirred at 7"C for 18-24 hcurs . 

The extent of the protein modification during 
the course of the reaction is monitored by SEC HPLC 
5 using a TSKG3 0 C C sw ; ,. column ,Toso Haas, 

Montgomeryville , PA) eluting with 0.1 M sodium 
phosphate buffer pH 6.9, O.EM NaCl, and 10% ethanol at 
0.7 ml/min (Toso Haas, Montgomeryville, PA) . 

The pH of the reaction mixture is adjusted to 
10 ca. 3.5 with 1M HCl , and the reaction mixture is 

diluted with water to a final protein concentration of 
1 . 5 mg/ ml . 

sTNFR- I 2 . 6D/N105- t-BuPEG (33kDa) is separated 
from the excess of t-BuPEG and other reaction by- 

15 products by using a S? Sepharose HP 16/10' 1M ion- 
exchange chromatography (Pharmacia Biotech, Inc., 
Piscataway, NJ) . 

The reaction mixture is loaded onto the 
column and the unreacted t-BuPEG is eluted with 3 

20 column volumes of the starting Buffer A (20mM sodium 

acetate, pH 4.0). The sTNFR- I 2 . 6D/N1 0 5 - 1 -BuPEG ( 3 3kDa ) 
is eluted using a linear 20 column volume gradient from 
0-30% Buffer B ( 1M NaCl in 20mM acetate, pH 4.0. The 
eluent is monitored at 280 nm . Each fraction containing 

25 sTNFR-I 2 . 6D/N105- t-BuPEG (33kDa) is analyzed by SDS- 
PAGE using 4-20% precast gradient gels (Novex, San 
Diego, CA) . Based on SDS-PAGE analysis results, 
fractions are pooled, concentrated, and sterile 
filtered. Each final pool of purified sTNFR-I 

30 2 . 6D/N105-t-BuPEG (33kDa) is again analyzed by SDS-PAGE 
and SEC HPLC. This protein is formulated in lOmM sodium 
phosphate, pH 6.E and 2CmM IJaCl . 

2 . Preparation o f sTNFR- I 2 . 6D/N1Q5-3 3kDa (Me PEG) . 
35 To a cooled (7 °C) , stirred solution of 

sTNFR-2 . 6D/N10 5 (4 mg/ml ) is added 10% acetic acid 
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until the pK is 5.0. Tc this solution is added 15 mM 
NaCNBK3 and a 2-fold molar excess of t-butcxy PEG (t- 

butoxy pc lyethylene glycc 1 , average MW=3 3kE'a , 
Shearwater Polymers, Inc. . The reaction mixture is 
5 stirred briefly at the same temperature and then 
allowed to incubate for - 18 hours . 

After 18 hours protein concentration in the 
reaction mixture is ad] usted to pH 3.0 with citric 
acid . 

10 sTNFR - I 2 . 6D/N1 0 5 -Me PEG ( 3 3kDa) is separated 

from the excess of Me PEG and other reaction by-products 
by ion exchange chromatography using an GP Sepharose 
HP™ column (Pharmacia Biotech, Inc., Piscataway, NJ) . 

The react ion mixture is loaded (no more than 

15 8mg/ml of resin) onto the column and the unreacted 

MePEG is eluted with 3 column volumes of the starting 
buffer A (20mM sodium citrate, pH 3.0). The sTNFR-I 
2 . 6D/N105 -MePEG ( 33kDa) is eluted using a linear 16 
column volume gradient from 0.1 - 0.5 M NaCl in 20mM 

2 0 citrate, pH 3.0. The eluent is monitored at 280 nm. 

Each fraction containing sTNFR-I 2 . 6D/N1 0 5 -MePEG ( 3 3 kDa ) 
is analyzed by SDS-PAGE using 4-20% precast gradient 
gels (Novex, San Diego, GA) . Based on SDS-PAGE 
analysis results , fractions are pooled, concentrated, 

2 5 and sterile filtered . Each final pool of purified 

sTNFR-I 2 . 6D/N10 5 -MePEG f 3 3kDa) is again analyzed by 
SDS-PAGE. The purified sTNFR-I 2 . 6D/N1 0 5 - Me PEG ( 3 3 kDa ) 
is concentrated to 5 - 20 mg/mL and formulated in 
either PBS, pH 6 . 5 (10 mM sodium phosphate, 35-100 mM 
30 NaCl) or 20mM acetate, 100 mM NaCl, pH 5.0. 

3 . Preparation o f sTNFR- I 2 . 6D/N1 0 5 -MePEG ( 2 QkDa ) . 

The procedures of step A for the preparat ion 
of sTNFR-I 2 . 6D/N105-MePEG (33kDa; , are substantially 

3 5 repeated with the except i on that MePEG ( mono -met hoxy - 

polyethylene glycol , average MW = 2 OkDa , Shearwater 
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Polymers, Inc.) is substituted fcr the MePEG (mono- 
methoxy-pc lyethylene glycol, average MW=33kDa, 
Shearwater Polymers, Inc.). This protein is formulated 
in lOmM sodium phosphate, pH 6.5 and 2 0mM NaCl . 

5 

4 . Prepa rati on of Additional Conjugates . 

Additional conjugates of sTNFR-2 . 6D/N105 are 
prepared substantially as sTNFR- I 2.6D/N105- 
MePEG ( 3 3 kDa ) , with the exception that the following 
10 types of PEG aldehydes (Shearwater Polymers, Inc.) are 
used : 

linear monof unct ional - MW 5kDa, 6kDa, and 57kDa; 
branched monof unct ional - MW lOkDa, 2 0kDa and 
4 0kDa; 

15 linear difunctional - MW 8kDa and 20kDa; 

branched t ri f unct ional - MW lOkDa. 

These proteins are formulated in lOmM sodium phosphate, 
pH 6.5 and 2 0mM NaCl . 

20 

5 . Alternative Pegylation Method 

In an alternative embodiment, the truncated 
sTNFR-1 molecules may be pegylated and purified by the 
following techniques : 

2 5 The SP-H? eluate (3-5 mg/mL adjusted to pH 

5.0) is reacted with 2 moles of polyethylene glycol 
(e.g., MePEG or t-3u?EG) per mole of sTNFR-I 2.6D/N105 
(-5 grams of t-BuPEG per gram of sTMFR - I 2.6D/N105). 
After the dissolution of the polyethylene glycol, 10 

3 0 - 2 0mM sodium cyanoborohydr ide is added and the 

solution is allowed to incubate overnight at 7-15 °C . 
At the end of the pegylation reaction (- 13 hours) the 
reaction is quenched by adding lOmM glycine. 

The pegylation mixture is diluted with 4 
3 5 volumes of 5 0mM acetate, pH 4.0, adjusted to pH 4.0 if 
necessary, and loaded onto a SP-HP column that has been 




equilibrated with 50mY acetate, pK 4.0. The column is 
leaded to no more than ~S grams cf sTK?R-2 . 6E-/N105 per 
Liter bed volume. After loading, the column is washed 
with 3 column volumes of Equilibration Buffer and 
5 eluted with a linear 0 - 0 . 3M NaCl gradient in 5 0mM 
acetate, pH 4.0. The sTNFR - 2 . 6D/N1 0 5 - 3 OkDa 
moncpegylated fractions are collected, adjusted to pH 
5.0, concentrated and diafiltered into an isotonic 
formulation buffer. All purification steps are carried 
10 out at room temperature. The protein is formulated in 
either P33, pH 6.5 (10 mM sodium phosphate, 35-100 mM 
NaCl) or 20mM acetate, 10C mM NaCl, pH 5.0. 

6 . Preparation of sTNFR-1 2.6D/C105 dumbbell and 
1 5 sTXFR-I 2.6D/C10 6 dumbbel l . 

Sulfone activated polyethylene glycol 
(prepared and purified substantially in accordance with 
United States Patent Application No. 08/473,809, filed 
June 7, 1995 and United States Patent Application No. 

20 08/611,918, filed March 6, 1996) [ PEG - 2 0 , 0 0 0 - bi s - vinyl 
sulfone], are used to dimerize proteins substantially 
in accordance with the method described in PCT 
Publication No. WO 95/34326, except for the reduction 
and reaction conditions. The proteins are reduced 

25 prior to the attachment of the polyethylene glycol with 
4 mole DTT per one mode of protein at 5-6 °C, pH 7.6. 
All reactions are performed in the presence of 30% 
glycerol. The dimerized proteins are termed sTNFR-I 
2.6D/C105db and sTNFR-I 2.6D/C106db. Each protein is 

30 formulated in either PBS, pH 6.5 (10 mM sodium 

phosphate, 35-100 mM NaCl) or 20mM acetate, 100 mM 
NaCl, pH 5.0. 

7 . Preparation of Comparative sTNFR-I Molecules 

35 
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(i) . sTNFR-I 42/N105 is prepared as described in EP 
422339. sTNFR-I 4 E /Nl 0 5 - t - 3u?EG ( 3 3 kda ) is prepared by 
pegylating sTNFR-I 4E/N1C5 substantially m accordance 
with the procedures set forth above for the pegylation 

5 of sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG (33kDa). sTNFR-I 4D/N105- 
t -MePSG (3 3kda 1 is prepared by pegylating sTNFR-I 
4D/N1C5 substantially in accordance with the procedures 
set forth above for the pegylation of sTNFR-I 
2 . 6D/N105-MePEG (33kDa). sTNFR-I 4D/C105 and sTNFR-I 
10 4D/C105db are prepared as described in PCT Eublication 
No. WO 95/34 326. This protein is formulated in lOmM 
sodium phosphate, pH 6.5 and 2 0mM NaCl . 

(ii) . sTNFR-I 4D/C1 0 5- 33 kDa ( Me PEG ) is prepared by 

15 pegylating 4D/C105 substantially in accordance with the 
procedures set forth above for the pegylation of sTNFR- 
I 2.6D/C105- 33 kDa ( Me PEG ) with the exception that the 
reaction occurs at pH 7.5 with 1.3 moles of DTT per 
mole of sTNFR-I for - 5-6 hours, followed by removal of 

20 the DTT on an S? - Sepha rose™ FF column and PEGylation 
with 1.5-3 moles of PEG per mole of protein for at 
least 15 hours at room temp. This protein is 
formulated in either PBS , pH 6 . 5 (10 mM sodium 
phosphate, 35-100 mM NaCl) or 2 0mM acetate, 100 mM 

2 5 NaCl, pH 5.0. 

(iii) . sTNFR-I 3D/N105 (a truncation of the c-terminus 
34 amino acids of sTNFR-I 4D/N105) is prepared as 
follows. PGR amplification is carried out using sTNFR - 

30 I 4D/N105 as the template and 0LIG0#13 and OLIGO#14 

which encode Ndel and Hindi I , respectively, and anneal 
to the 5' and 3' ends of the truncated gene, 
respectively. PGR amplifications are run for 2E 
cycles; each cycle consisting of 30 seconds at 94°C for 

35 denaturation, 15 seconds at 6C°C for annealing, and 1 
minute at 72 °G for elongation. [Model 24 10 thermorycler 




v Perkm -Elmer Ce:us, Norwalk, CT)] . The PGR product is 
purified using a QIAquick™ PCR Purification Kit 

(QIAGEN, Chatsworth, CM . The purified PCR product is 
cut with Ndel and Hindi 1 1 then gel purified using the 
5 QIAquick™ Gel Extraction Kit ( QIAGEN , Chatsworth, CA) . 
The gel isolated PCR product is ligated into pAMGll and 
transformed into FM15 E . coli cells. 

5' OLIGO#13: ( SEQ ID NO : 29) 

10 5 ' - GGTTAGCCATATGGACAGCGTTTGCCCCCAA- 3 ' 

3' OLIGO#14: (SEQ ID MO : 3 0 ) 

5' -CCCAAGCTTTTAGGTGCACACGGTGTTCTGTTT-3 ' 

15 This protein is formulated in lOmM sodium 

phosphate, pH 6.5 and 2 0mM NaCl . 

(iv) . sTNFR-I 3D/C105 (a truncation of the c- 
terminus 34 amino acids of sTNFR-I 4D/C105) is prepared 

20 substantially as sTNFR-I 3D/N105, with the exception 

that the template is sTNFR-I 4D/C105. sTNFR-I 3D/C105 
is formulated in either PBS, pH 6 . 5 (10 mM sodium 
phosphate, 35-100 mM NaCl) or 20mM acetate, 100 mM 
NaCl, pH 5.0. 

25 

(v) . sTNFR-I 3D/C105db is prepared substantially 
as sTNFR-I 4D/C105db / with the exception that sTNFR-I 
3D/C105 is used as the starting material instead of 
sTNFR-I 4D/C105. sTNFR-I 3D/C105db is formulated in 

30 either PBS , pH 6.5 (10 mM sodium phosphate, 35-100 mM 
NaCl) or 20mM acetate, 100 mM NaCl, pH 5.0. 

Example II 
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Various forT.s 



truncated, recombinant 



soluble TNFR-I are assessed for their ability 



to inhibit TNF activity. 



5 



A . 



WEHI Cytotoxicity Assay 

The WEHI assay is an in vitro cell 



proliferation assay (Edwards et al . (1991), 
Endocrinology. 128 : 989 - 996 ) . The cell lines are 
sensitive to TNF -a (i.e., TNF - a is cytotoxic). In the 
10 presence of a TNF - a inhibitor, the cells are protected 
from the cytotoxic effect and thus are able to 
prol i f erat e . 

Protocol : 

15 TNF-sensitive WEHI 164 clone 13 cells (ATCC, 

Rockville, MD) are suspended at a concentration of 20 x 
10 4 cells/mL in RPMI (Gibco, Grand Island, NY) medium 
supplemented with 5% Fetal Calf Serum (Hyclone, Ogden, 
UT) and penicillin 50U/mL : streptomycin 50 mg/mL. One 

20 hundred microliters of this cell suspension are placed 
in each well of f 1 at - bottomed 96-cell microtiter 
plates, and the cells are allowed to adhere for 4-6 
hours at 37°C in 5% CO2 - To each well 10 /iL of a 
0.0060 mg/mL ac t inomyc in- D (Sigma Chemical Co., St. 

25 Louis, MO) is added. Ten microliters of recombinant 

human TNFa at 50 ng/ml (5 ng/ml final concentration) is 
added to each well. Serially diluted 2-fold 
concentrations of the various sTNFR forms (sTNFR-I 
2.6D/C10S, sTNFR-I 4D/C105 and sTNFR-I 4D/C105db) are 

30 diluted PBS and then added to duplicate wells (10 

/iL/well) containing adherent WEHI 164 cells after the 



addition of recombinant human TNF - a . WEHI-164 clone 13 
cells are incubated for 13 hours at 37°C in 5% CO2 - 
After incubation, 10 ml of a 2 mg/mL solution of the 
organic dye MTT tetrazolium ( 3 - [4 , 5 -dimethyl thiozol - 2 - 
y 1 ] 2 , 5 - diphenyl tetrazolium bromide; Sigma Chemical 
Co., St. Louis, MO) is added, and cells are incubated 
for an additional 4-6 hours. Cells are solubilized by 
addition of 50 fih DMF/SDS solution (20% SDS and 50% N,N 
dimethyl formamide , pH 4.7). The DMF/SDS solution is 
pipetted up and down several times until all MTT 
crystals are dissolved, and cells are incubated for an 
additional 2-22 hours . The absorbances (abs) are read 
on a Vmax reader at 570. The percent specific 



the formula: % specific cytotoxicity = 100% X 
[abs (cells + medium) - abs (cells + sample )] /abs ( eel 1 s + 
medium) - abs (cells + TX-100)] . The number of units of 
TNF in each sample is determined using the percent 
specific cytotoxicities of the murine standards, as 
described previously . 

The WEHI assay results are compiled below in Table 2: 
TABLE 2 : In vitro activity in the WEHI assay . 




is calculated from optical densities using 



Comp ound 



IC50 fng/mL) 



sTNFR-1 2.6D/C106 



208 



sTNFR-1 4D/C105 



238 



sTNFR-1 4D/C105db 



N/A 




Based cn the results cf the WEHI assay, there 
are nc significant differences between the sTNFR-I 
2.6D/C106 and the sTNFR-I 4D/C1G5 in terms of in vitro 
bioef f icacy . 

5 

3. L929 Cytotoxicity Assay: 

The L929 cytotoxicity assay is an in \ r itro 
cell proliferation assay (Parmely et al . (1993 ), J". 
Immunol,, 151 : 389-396) which also assesses the 
10 cytotoxicity of TNF - a - sens i t lve killing. The cell 
lines are sensitive to TNF-a (i.e., TNF - a is 
cytotoxic) . In the presence of a soluble TNF-a 
inhibitor, the cells are protected from the cytotoxic 
effect and thus are able to proliferate. 

15 

Protocol : 

The L929 cell line is obtained from the 
American Type Culture Collection (Catalog number CCL 1, 
NCTC clone 929, clone of strain L, connective tissue, 
20 mouse) . The medium used for propagation is RPMI Medium 
1640 supplemented with 10% FBS +1% L-Glutamine 
Solution +1% Penicillin-Streptomycin Solution. 

96-well microtiter plates (Corning) are used 
in the assay and only the inner 60 wells are utilized. 
25 The standard and test sample are tested in triplicate 
on the same plate. 

The TNF used in the assay is from R&D 
Systems (Minneapolis, MN) . The final concentration of 
TNF used in the assay is 1 ng/mL in all assay wells. 




12 7 

The assay diluent is L929 growth medium, 10 
ng/mL of 7NF and 11 g/m.L of Aotmomycm D (Sigma 
Chemical Co., St. Louis, KC) . 

The plates are harvested using an XTT/MEN 
5 Solution (1.5 mg/ml XTT + 75 mM MEN) . 

On day 1, cells are plates on assay plates. 
A cell suspension is prepared by trypsinizing and 

4 

resuspending cells at 3.33x10 cells/mL. 180 mL of 
this cell suspension is plated into each of the inner 

10 60 wells of the assay plates. 2 0 0mL of growth medium 
is dispensed into the outer 36 wells to help avoid 
evaporation artifacts in the assay. The plates are 
allowed to sit at room temperature, covered with foil 
and free from drafts, for approximately 1 hour. Assay 

15 plates are placed m a 3 7+2 C high humidity 5+1% CO2 

incubator. Plates are incubated for approximately 20- 
22 hours prior to addition of sTNFR-I serial dilutions. 

On day 2, sTNFR-I 4D/N105 standard is 
prepared and test samples: Dilute sTNFR-I 4D/N105 

20 standard and test samples to a concentration of 
approximately 2.0 mg/mL, (or another appropriate 
concentration) . Make serial dilutions of this 
concentration to create a 10 -point dilution curve 
ranging from approximately 1.0 x 10 € ng/mL to 1 . 0 x 10 

25 " ; ng/mL, including a 0 ng/mL (Assay Diluent only) 

point. If other concentrations are appropriate, they 
may be used. Add 1030 /iL of each dilution in 
triplicate on each assay plate. Incubate the plates in 
a 3 7 C + 2 C high humidity 5 + 1 % CO2 incubator for 2 0 + 1 

3C hours after transfer of serial dilution aliquots to the 
assay plates . 



On day 3, 5C /iL/weli of the XTT/MEN Solution 
is added tc inner 6C wells of assay plates. Plates are 
incubated in a 3 7 C^2 C high humidity 5+1% CO2 
incubator {Falcon, New York, New York) for 24+0.5 
5 hours . 

On day 4, the optical density (O.D.) of the 
assay plates is read at 450 nm minus 650 nm on an ELI SA 
plate reader (SpectraMAX, Beckman Instruments, Inc., 
Fullerton, CA) . If values of 4.000 OD are obtained for 

10 wells in a plate at these wavelengths, the plate should 
be reread at 490 nm minus 650 nm immediately, and the 
4 90 nm minus 650 nm data should be used for 
calculation . 

A standard dose - response curve vs log is 

15 prepared using a four parameter logistic curve fit. 
Calculate The original concent rat ions of unknown 
samples are calculated from the standard curve and 
calculate the ED 5Q for the standard and the correlation 



20 



25 



coefficient for the standard curve fit. 
Results : 

The L929 Cytotoxicity Assay results are compiled below 
in Table 3 : 

TABLE 3 : In vi tro activity in the L92 9 
Cyto t oxicity assay 

Compound Concentrat ion 

f ng /mL ' ( mq/mL ) ED , - 

sTNFR-I 4D/ClC5db 7.8 l.C±0.1 



10 



s TN PR - I 2 . 6 D / ri CSdc- 2.6 1.1 + 0.0 

sTNFR-I 2.6D/2106dD 2.2 l.O±0.1 

sTNFR-I 4D/N105-t-BuPEG i 33kDa) 2.0 229. 2±8 

sTNFR-I 4D/C105-t- BuPEG { 3 3 kDa ) 1.1 325.5 + 147 

STNFR-I 2 . 6D/C105-t-BuPEG (33kDa) 1.7 210.2+9 

Interna 1 Szd : 

STNFR-I 4D / C105 3.5 314.8+188.1 

The data indicate that the sTNFR-I 4D/C105db 
and the sTNFR-I 2.6D/C105db and sTNFR-I 2.6D/C106db are 
active and have comparable dose responses when compared 
to the standard . The data also- indicate that the 
sTNFR-I sTNFR-I 4D/N1 0 5 - t - BuPEG ( 3 3 kda ) and sTNFR-I 
2.6D/C105- t-BuPEG (3 3kda) are nearly 2 logs lower in 
activity, but are active in this assay, nonetheless, 
when compared to the sTNFR-I 4D/C105db. 

Run #2 

sTNFR-1 3D/C105db 0.2 2.27±0.3 

sTNFR-I 3D/C105db 0.2 2.0* 

STNFR-1 3D/C105db 1.9 1.8* 



STNFR-I 3D/N105 2.4 413.3 



* 



Internal St d : 

sTNFR-I 4D/C105 3.5 115.9±42.1 

* Single data point 

15 These data indicate that the sTNFR- I 

3D/C1 0 E db is active and the ED, . values are in the 
range of the sTNFR-I 4D/C105db (Run #1) , the sTNFR-I 
2.6D/C105db (Run #1}, and the sTNFR-I 2.6D/C106db (Run 




#1) . The data also indicate that the sTNFR - 1 3D/N105 
is less active than the sTNFR-I 4T/C105 internal 
standard . 

5 C. Streptococcal cell wall induced reactivation model 
The St reptccoccal cell wall induced 
reactivation model of arthritis in rats assays is 
accomplished using known protocols (Esser et al . 
(1985), Arthritis And Rheumatism, 2_8 : 1 4 0 2 - 1 4 1 1 and 
10 Makarov et al . (1996), Proc . Natl. Acad. Sci. USA, 
93_:402-406) . 

Protocol : 

Female Lewis rats (Charles River 

15 Laboratories, Inc., Wilmington, MA), each weighing 175 
to 185 grams, are injected mt r a - art i cularly into the 
right ankle joint with a sterile suspension of 
streptococcal cell wall products containing 
peptidoglycan- polysaccharide (SCW) (Lee Laboratory, 

20 Grayson, GA) at a dose of 1.5 mg/10 mg per joint. 

Saline is injected into the contralateral joint to 
provide a control. The intra - art icul ar injection of 
SCW causes an acute arthritis of relatively short 
duration with swelling of the joint peaking at one to 

2 5 two days post injection. After a period of twenty 
days, during which the acute inflammatory reaction 
resolved, SCW is again administered by intravenous 
injection at a dose of 200 mg/200 mL per rat. The 
second dose of SCW is sufficient to reactivate 

30 inflammation in the ankle joint previously injected 

with SCW and has little effect on the sal ine- inj ected 




ankle. To assess the extent of inflammation during the 
72 -hour period following the intravenous injection of 
SCW, the dimensions of the ankle joint are measured by 
ankle caliper measurements of the hind ankle at 0, 24, 
5 36, 48, and 72 hours after reactivation of the 

arthritis ana then contralateral hind limb harvest for 
histology (e.g., inflammation, pannus formation, 
cartilage damage and bone damage) . 

10 Results: 

The effects of the sTNFR-I 2.6D/C106db when 
administered are tested on the development of joint 
swelling during the reactivation of the arthritis. The 
inhibitors and vehicle are each administered in a 

15 single intravenous injection 24 hours pre - react ivat ion 
with the SCW. 

sTNFR-I 2.6D/C10€db demonstrates 
statistically significant efficacy in reducing joint 
swelling, by analysis of variance (ANOVA) Fisher's 

20 post-hoc test (Statview"' at all four doses on days two 
and three post - react ivat ion and at all but one dose 
(1.5 mg/kg) on day one. This reduction in swelling is 
comparable to the positive control of sTNFR-I 4D/C105db 
given at a dose of 0.5 mg/kg daily (i.e.; 8.8 nM) 

25 starting at one day pre - react ivat ion to three days 

post - react ivat ion . The sTNFRs also show significant 
efficacy when the amount of swelling is considered over 
the three days as a whole. Area under the curve (AUC) 
display a dose - response relationship at all doses (see 

30 Figure 9, wherein the sTNFR - 1 2.6D/C106db is designated 
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"sTNFR-I 2.6L" and the sTXFR-I 4D/C105db is designated 
" sTNFR - I 4D" ) . 

The sTNFR - I 2 . 6D/IJ1 0 5 - t - BuPEG ( 3 3 kDa ) show a 
significant reduction in ankle width and histological 
5 indexes when compared to the disease control group in 
the model . 

D. D-galactosamme/Lipopolysaccharide model : 

The D- gal act os amine ( D-GalNH2 ) /Lipopo>ly- 

10 saccharide (LPS) model tParmely et al . (1993), supra), 
is an in vivo, highly TNF-a - dependent animal model of 
lethality. Additionally, MRL - 1 pr/1 pr autoimmune mice 
have been shown to be extremely sensitive to LPS- or 
SEB-induced TNF-a (Mountz et al . (1995), J". Immunol,, 

15 155 :4 8 29-4837) . 

Protocol : 

After overnight fasting, 6-8 week old female 
MRL- lpr/lpr mice (Jackson Laboratory, Bar Harbor, ME) 

20 receive an I. P. challenge with the following 

pharmacological reagents: 25 mg of D-GalNH 2 (Sigma 
Chemical Co., St. Louis, MO) suspended in Hank's 
Balanced Salt Solution -,Gibco Laboratories, Inc., Grand 
Island, NY) (50 mg/mL) ; and 1 ipopolysacchar ide (LPS) 

25 from E . coli Serotype 0127:38 (Sigma Chemical Co., St. 
Louis, MO) in sterile, endotoxin- free phosphate 
buffered saline (PBS) (25 mg/mouse) or SEB (Toxin 
Technologies, Sarasota, FL) in normal saline 
(50 mg/mouse) . The various forms of sTNFR are given in 

30 serial 2-fold dilutions : ;mg/kg dosages) to obtain ED50 
curves generated with statistical software for the 
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Macintosh iStatview' , Mountain View, CA) . Lethality is 
followed thrcucrh -48h after challenqe. 



10 



Results : 

As shown below in Table 4, when the sTNFR-I 
2.6D/C106db is administered as described above, 1 hour 
pre- LPS/DGalNH2 challenge, the ED50 (i.e., the dose of 
sTNFR-I 2.6D/C106db required for 50% protection) at 48 
hours is -50 j-ig/^g (N = 8 individual mice) . In 
comparison to the sTNFR-I 4D/C105db, there are no 
significant (P > 0.05) differences in the ability of 
this form to prevent lethality (ED50 = ~50 |.ig/kg; N=8 
individual mice) . 



15 TABLE 4 : Co mparison of sTNFR and Optimized Truncated 
sTN FR forms in LPS/D-GalN H 2 Model 



Agent 

sTNFR - I 4D/C105db 
sTNFR- I 2.6D/C106db 

sTNFR- I 2 . 6D/N105-t-BuPEG(33kDa) 
sTNFR- I 2 . 6D/N105-MePEG(20kda) 
STNFR- I 2 . 6D/N105 - Me PEG 

(20kda branched) 
sTNFR- I 2.6D/NT05- Me PEG 

(40kda branched) 



ED 100 
-10 0 Mg/kg 
-10 0 ng/kg 
-2 mg/kg 
-800-1000 Mg/kg 
2 mg/kg 

1 . 5 mg/kg 



ED50 
-50 ^ig/kg 
-50 Mg/kg 

-400 
-1 mg/kg 
-1-1.5 mg/kg 

-1 mg/kg 



The data indicate that sTNFR-1 2.6D/C106db has 
20 equivalent activity as compared to sTNFR-I 4D/C105db, 
but that sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) is less 
active in this model with an ED50 of -400 (ag/kg (n = 5 
individual mi:e) . Additionally, the activity of the 




- 13 4 

sTNFR-I 2 . 6D/NlC5-MePEG ;23kDa branched) and 2.6D/N105- 
XePEG v40kE'a branched; are less active in this model. 

E. Adjuvant induced arthritis model: 
5 Rheumatoid arthritis induced in rats by 

adjuvant bears many resemblances to human rheumatoid 
arthritis. The purpose of this experiment is to 
demonstrate that systemic administration of truncated 
sTNFRs has a mitigating effect on the pathogenesis of 
10 ad j uvant - induced arthritis in mice. 

Protocol : 

Male Lewis rats (5-7/group) (Charles River 
Laboratories, Inc., Wilmington, MA) weighing at least 

15 200g are cannulated with SQ catheters and allowed to 
recover for several days. They are then placed in 
infusion cages and acclimated for a week prior to 
initiating saline infusion. 

On day-0, all rats are injected with 100/il 

20 of Freunds Complete Adjuvant (Sigma Chemical Co., St. 
Louis, MO) to which a synthetic adjuvant, N,N- 
dioctyldecyldecyl -N ' , N-bis (2 -hydroxy-ethyl ) 
propanediamine, 5 0 mg/ml , is added. On day 8, 
different groups of rats are administered by 

25 continuous SQ infusion of sTNFR- I 4D/C105 and sTNFR-I 
2 . 6D/N105 . 

The results are set forth in Table 5. 



30 



TABLE 5 : Adj uvant induced arthri t is 
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[ mg / k g / h r ) (. % I n h . 



(% Inh. 



Inf 1 ar. . Bene Res. 

His tophathology 
( % Inh . ) ( % Inh . ) 



Study #1 
sTNFP.-I 4D/C105 



sTNFR - I 2 . 6D/M105 



5 
1 

0 . 2 

1 



61 
4 9 
33 
55 



46 
45 
40 
53 



37 
26 
14 
33 



89 
855 
34 
51 



Study #2 

sTIJFR- I 2 . 6D/fI105 



42 



ND 



13 



49 



Study #3 

sTNFR-I 2 . 6D/N105 - 
MePEG (2 Okda) 

sTIJFR- I 2 . 6D/N105 - 
MePEG (33kDa) 



50 
35 
36 
43 
38 
24 



40 
34 
30 
37 
33 
20 



13 
9 
0 



27 
22 
0 



Surprisingly the sTNFR- I 2 . 6D/N1 0 5 - t - 
BuPEG ( 3 3kDa ) and sTNFR-I 4D/C105db are of comparable 
ant i -arthritic activity in adj uvant arthritis in Lewis 
rats, although the sTNFR-I 4D/C105db is more potent in 
the WEHI-164 and L929 in vitro cytotoxicity assays, as 
well as the LPS/GalN model. 



F. Collagen induced arthritis model: 

1 0 Type 1 1 col lagen- induced arthritis in rats 

bears many resemblances to human rheumatoid arthritis 
The purpose of this experiment is to demonstrate that 
systemic administration of truncated sTNFRs has a 
mitigating effect on the pathogenesis of type II 

15 ccllaaen- induced arthritis in rats and mice. 



Rat Protocol : 

Female Lev; is rats (Charles River 
Laboratories, Inc., Wilmington, MA), had SO cannulas 
5 implanted and they are acclimated to tethering for 

continuous infusion. Subsequently they are immunized 
with bovine type II collagen in Freunds incomplete 
adjuvant. On days 13, 14 or 15 post immunization, 
animals with established arthritis are randomly 

10 subdivided into groups of eight animals each. The 
experimental groups are infused with vehicle or 
various doses of sTNFR-I as described in Table 6 for 7 
days. Paw inflammation is assessed by daily caliper 
measurement of ankle joints. On day 7, the animals are 

15 euthanized and paws collected for weight determination 
as an index of inflammation. Ankle and knee joints are 
collected for histopathologic evaluation of arthritis 
parameters . 



20 



The results are set forth in Table 6A . 



TABLE 6 A : Collagen induced arthritis 



Compound 



Dose AUC% Paw Wt . Inf lam. Bone 

Res . 

Hi stophathology 
(mg/kg/hr) (% Inh.) (% Inh.) (% Inh.) {% Inh.) 



STUDY #1 
sTNFR-I 4D/C105 



sTIJFR- I 2 . 6D/N105 



0 . 2 



65 
35 
19 
3 9 



81 
34 
22 
4 1 



ND 
ND 
ND 
ND 



ND 
ND 
ND 
ND 



137 



STUDY ~2 -9 -9 ^ a Y 

sTNFR-I 2.6D/N105- 3 50 60 76 46 

Me PEG i3 3kDa) 

sTNFR-I 4D/N105- 3 47 50 ND ND 

Me PEG (3 3kDa) 

STUDY £3 (mg/kg/day) 

sTIJFR-I 2 .6D/N105- 9 25 44 ND ND 

MePEG (33kDa) 

STNFR-I 2.6D/N105- 3 25 37 ND ND 

Me PEG (33kDa) 

sTNFR-I 2.6D/N105- 9 35 52 ND ND 

MePEG (20kDa) 

sTNFR-I 2.6D/N105- 3 3 5 3 7 ND ND 

MePEG (20kDa) 

Interestingly, the rat established collagen 
model all :he treatment groups are nearly the same in 
efficacy (e.g.; curve shape, percent (%) inhibition of 
5 area under :he curve (AUC) , ranging from 30-59%, and 
paw weight inhibition ranging from 40-64%. No 
treatment group is statistically different than any 
other in this model of arthritis. 

10 Mouse Protocol : 

Male DBA/1 (Jackson Laboratories, Inc., Bar 
Harbor, ME), are immunized with bovine type II 
collagen (Sigma Chemical Co., St. Louis, MO) in 
Freunds incomplete adjuvant. On days 24, 25 and 26 

15 post - immunization, animals with established arthritis 
are randomly subdivided into groups of eight animals 
each. The experimental groups are administered twice 
daily by the I? route either saline or sTNFR-I 



2.6l/N105- MePEG v 3 3kDa ; , for 3 consecutive days (days 
+ 27, +23, +29) . Paw inflammation is assessed by daily 
caliper measurement of ankle joints. On day +34, the 
animals are euthanized and paws collected for weight 
determination as an index of inflammation. Ankle and 
knee joints are collected for histopathologic 
evaluation of arthritic parameters. 

The results are set forth in Table 6B. 

TABLE 6B: Collagen induced arthritis 



Compoun d DDse 

(mg/kg 2D) 

STUDY #1 

STNFR- I 4D/C105db 
sTNFR- I 4D/N105-t- 
BuPEG (3 3kDa) 



AUC% Total 

Hi s tophathology 

(% Inh.) 



49 
63 



3 9 
55 



STUDY #2 

STNFR- I 2.6D/N105- 9 73 ND 

Me PEG ( 3 3kDa) 

sTNFR-I 2.6D/N105- 3 75 ND 

Me PEG ( 3 3kDa) 



G . Continuous Infusion Rat Model of LPS - induced 
TNF-a Production : 

sTNFR-I 2.6D/C105db and sTNFR-I 2.6D/C106db, 
sTNFR-I 2.6D/N105 and sTNFR-I 4D/N105 are IV jugular 
implanted with Alzet™ mini -pumps (Alza Corp., Palo 
Alto, IA) , according to the manufacturer's 
instructions, for 48-hour continuous infusion (1 




-13 5- 

mg/kg) . Serurr. TNF-a levels, measured by an ELI SA 
i'Genzyme, Cambridge, MA) are significantly decreased 
compared zo controls ^2 hours post a high dose LPS 
challenge . 

5 

E xample II I: Immunogem c i ty Studies 

Various forms of truncated, recombinant 
soluble TNFR-I are assessed for immunogenici ty in 
10 several animal models. 

A . Rodents : : 

sTNFR-I 2 . 6D/N105-t-BuPEG (33kDa) and sTNFR-I 
4D/C105db (control) are subcutaneous ly administered (4 

15 mg/kg) on days 1 and 5 of the experiments to female 

Sprague Dawley rats (Charles Rivers Labs, Wilmington, 
MA) ( n=6 - 8 /group ) . Retro-orbital blood samples are 
collected weekly to day 21 post-initial administration, 
Samples are evaluated for IgM and IgG antibody 

20 production. 

TABLE 7 : Rodent Immunogenici ty 



time [days] 


0.01 


7 


14 


21 


GROUP+ANIMAL# 


TITER 


TITER 


TITER 


TITER 




IgM 


IgM 


IgM 


IgM 



sTNFR- I 

2 . 6D/N105- 

3 3kdaPEG 

1 NEG 0 0 

2 NEG 0 0 

3 NEG 1 1 

4 NEG 0 0 
6 NEG : 

2 T'v-'^r'p _ t n p. P Q 




- ^4 0 

2 . 6D/N105-t- 
BuPEG (33kDa; 



SEM 


0 


0.00 


0.00 


0.00 


control 










7 


0 


0 


50 


0 


8 






50 


0 


j> 


0 


1J 


100 


0 


9 


(") 


o 


0 


0 


10 






100 


5 0 


11 






100 


0 


1 2 




o 


100 


0 






0 


0 


0 


control 


0 


0 


62 . 5 


6 . 3 


SEM 


0 


0 


15.7 


6 . 3 


time [days] 


0.01 


7 


14 


21 


GROUP+ANIMAL# 


TITER 


TITER 


TITER 


TITER 




IgG 


IgG 


IgG 


IgG 



sTNFR- I 

2 . 6D/N105- 

t - 



BuPEG (33kDa) 



1 


NEG 


NEG 


0 


0 




NEG 


NEG 


0 


0 


3 


NEG 


NEG 


0 


0 


4 


NEG 


NEG 


0 


0 


6 


NEG 


NEG 


0 


0 


sTNFR-I 


0 . 00 


0.00 


0.00 


0.00 


2 . 6D/N105- t- 










BuPEG (33kDa) 










SEM 


0.00 


0.00 


0.00 


(3.00 


c ont rol 










7 


NEG 


NEG 


0 


2 00 


3 


NEG 


NEG 


0 


2 00 


9 


NEG 


NEG 


0 


0 


10 


NEG 


NEG 


0 




11 


NE3 


NEG 


2 0 0 


4 0 0 


12 


NEG 


NEG 


0 


2 00 


13 


NEG 


NEG 


2 00 


8 00 


14 


NEG 


NEG 


0 


5 0 


c ont rol 


0 


0 


5 0 


231 . 




SEM C C 3 2.7 94.0 

As seen in the Table 7, sTNFR-I 4D/C135db 
administered subcutanecusly (SC.) on days *1 and '5, 
records the higher rat anti- sTNFR-I IgG antibody 
5 titers through '21 days than the sTNFR-I 2.6D/N105-t- 
BuPEG ( 3 3 kDa ) has very weak, if any, antibody titers. 
Similar trends in immunogeni ci ty are also observed in 
rats developing rat anti- sTNFR-I IgM antibodies 
through ~21 days. sTNFR-I 2 . SD/N1 0 5 - t - BuPEG ( 3 3kDa ) do 
10 not generate rat anti- sTNFR-I IgM antibodies through 
*2 1 days. 

B. Papio anubis: 

The objective of Part 1, Phase A of the study 
15 is to determine the pharmacokinetics and immunogenici ty 
of either the sTNFR-I 4D/C105db (0.2 mg/kg bodyweight 
[BW] ) , sTNFR-I 3D/C105db (0.2 mg/kg BW) , or sTNFR-I 
2.6D/C105db (0.2 mg/kg BW) , respectively, when 
administered IV twice to the healthy baboon, 21 days 
2 0 apart . 

The Part 1 study is divided in two phases. 
Part 1, Phase A is aimed at determining 
pharmacokinetics and immunogeni city of the different 
sTNF-RI constructs in the healthy baboon in response to 

25 two injections. Twelve baboons are subdivided into 

three groups. While anesthetized, each group receives 
0.2 mg/kg BW of either the sTNFR-I 4D/C105db / sTNFR-I 
3D/C105db, or sTNFR-I 2 . 6D/ CI 0 5db . Three baboons are 
studied each session. Animals are followed for 21 days 

30 and then receive a second identical IV injection of 
protein and are studied for an additional 2 1 days. 




^ i z 

Pharmacokinetics and immunogenic! ty are determined at 
intervals thereafter . 

Part 1, Phase B of the study is aimed at 
evaluating efficacy of these preparations in a well 
5 established model of TNFa -mediated lethality i.Espat 
et al., J . Surg. Res., 59:153-158, 1995). Lethal E . 
coli bacteremia is induced in 16 animals in groups of 
four, by administration of 5-10 x lCT : cfu/kg of live E. 
coli. A placebo group is compared to baboons 

10 pretreated IV with either a sTNFR-I 4D/C105db (0.2 

mg/kg bodyweight [BW] ) , sTXFR-I 3D/C105db (0.2 mg/kg 
BW) , or sTNFR-I 2 . 6D/C10 5db administered at 1 mg/kg BW . 

In both phases of the Part 1 study, Young 
adult male and female baboons Papio anubis (6-11 kg) 

15 (Biomedical Research Foundation, San Antonio, TX) are 
fasted overnight. The animals are anesthetized with 
ketamme (10 mg/kg i.m.) and the cephalic vein is 
percut aneously cannulated. Anesthesia is maintained by 
the initial administration of up to 35 mg/kg sodium 

20 pentobarbital followed by repeated injection of 3-5 

mg/kg/hr of sodium pentobarbital. The upper airway is 
secured by placement of a cuffed endotracheal tube, and 
the animals maintain spontaneous respiration. A 
catheter is placed percutaneous ly into the femoral 

25 artery which permits repeated systemic arterial blood 

sampling as well as continuous monitoring of heart rate 
and mean arterial blood pressure via a Datascope 2000 
anesthesia monitor (Datascope, San Antonio, TX) cardiac 
monitor. Arterial blood samples are collected at 

30 intervals, ant i - c oagul at ed with EDTA or heparin, and 
cooled on ice immediately after drawing. The plasma 
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fraction is separated by cent ri fugat ion at 4°C, and 
stored at -70°C until assayed. Core temperature is 
monitored via a rectal probe. An indwelling urinary 
Foley-type catheter is placed to allow urine collection 
5 and to monitor urine output and creatinine clearance. 
Hemodynamic parameters are monitored every fifteen 
minutes. All animals receive 0.9% sodium chloride (4 
ml/kg) as maintenance i . v. fluid. In the phase B 
studies, animals receive additional fluid (10 ml/kg 

10 every 15 min) , if two of the following physiologic 

criteria are met: 1) mean arterial pressure dropped by 
more than 3 0%; 2) heart rate increase by more than 3 0%, 
and 3) urine output drop to < 1 ml/kg/hr. After 
baseline blood sampling and a waiting period of at 

15 least an hour to allow equilibration infusion of 
proteins is started. 

In the Part 1 Phase A set of studies, 
recombinant proteins are infused via the cephalic vein 
and animals are observed for a period of eight hours 

20 after which time all catheters are removed and the 

animals are returned to their cages for 21 days. At 24 
and 4 8 hours and on days 3,5, 8, 11, 16, and 21, the 
animals are briefly anesthetized with IM ketamine 
(lOmg/kg) and venous blood samples obtained. On day 

25 21, the animals are re - anes t het i zed , received a second 
injection of the protein, and the entire procedure 
conducted on day zero is repeated for an additional 21 
days, at which time the animals are euthanized. 

In the Part 1 Phase B studies, one hour prior 

30 to the infusion of E . coli, four animals are randomly 
assigned to receive either placebo or one of the 




previously mentioned construct s . Animal s are observed 
for a period of eight hours after which time all 
catheters are removed , t he animal s are returned to 
the lr cages and subsequent survival to the lethal ; 
5 bacteremia is observed. Animals in excessive 

discomfort are euthanized . Excessive discomfort is 
de fined by the IACUC as; 1 ) failure to maintain the 
sit t ing or upright posit ion over the previous 12 hours , 
2) failure to take food or water within the previous 12 

10 hours, 3) uncontrollable bleeding from catheter sites, 
or 4 ) unresponsiveness to external st imul i . Venous 
blood samples are obtained at -1, 0, 0.5, 1, 1.5, 2, 
2.5, 3 , 4 , 5, 6 , 7 , 8, 24 hr , 48 hr , and on days 
3,5,8,11,16, and 21. At 2 1 days, surviving animals are 

15 euthanized. 

The presence o f Papio ant ibodies to the 
administered recombinant proteins are determined by 
sandwich ELI SA . Very briefly, the sTNFR- 1 constructs 
are coated onto ELI SA plates (1 |ag/ml) and diluted 

20 baboon (1:50 to 1:100,000) plasma (100 jaL) are added. 
After the samples are washed , an horse radish 
peroxidase (HRP) conjugated protein A is added (0.5 
jag/ml) , and the assays are visualized with TMB . 

25 Results ( Part I ) : 

Plasma half -lives differed significantly 
among the three const rue t s . The disappearance curves 
are determined using a model - independent method and the 
apparent half-lives are generally evaluated between 8 
30 and 172 hours. In naive animals, the plasma half -life 




is Icngest in baboons treated with the 4.0 domain 
construct (23 hrs) and declines sequentially in baboons 
treated with the sTXFR-I 3D/ClD5db (24.7 hrs) and 
sTNFR-I 2.6D/C105db (21.5 hrs). The difference, 
5 although statistically significant, is only 26%. 

Unexpectedly, following the second 
administration of the proteins to the respective 
baboons, the plasma half- lives tend to be much shorter, 
indicating a more rapid clearance. This decrease in 

10 half-life is most pronounced in baboons receiving 

sTNFR-I 4D/C105db where it is shortened by 48% (p<0.01) 
[Figure 10] . The reductions in half-life are 
intermediate in the baboons treated with the sTNFR-I 
3D/C105db (31%) [Figure 11] and least in the animals 

15 given the sTNFR-I 2.6D/C105db (14%) [Figure 12]. The 

reductions in half-life are not statistically different 
in baboons treated with the sTNFR-I 2.6D/C105db. 

All the preparations are immunogenic in the 
baboon. However, the frequency of immunogenicity is 

2 0 greatest in the baboons treated with the sTNFR-I 

4D/C105db, intermediate in animals treated with the 
sTNFR-I 3D/C105db, and lowest in animals given the 
sTNFR-I 2.6D/C105db (Table 8). 

25 TABLE 8: Peak Antibody Responses 1 





First 2 
medi an 


1 Days 
25% -75% 


Second 
median 


2 1 Days 
25% - 
75% 


sTNFR- I 

4D/C105db (n=4 ) 


3.20 


3.20 3.20 


3 . 95 


3.50 4.40 




14 5 



sTNFR- 1 

3D/C105db (n=4 ) 


1 . 6 0 


o . : 0 3.6 5 


3 . 5 C 


1.30 4.75 


sTNrR - I 

2 . 6D/C105db 

(n = 4) 


0 . J 0 * 


J .10 1.7 5 


1.45 


0.00 3.50 



1 logarithmic scale (inverse dilution of plasma 
necessary to produce half -maximal absorbance on a 
sandwi :h EL1SA; see Experimental Methods) 

5 

*p=0.056, by Kruskal-Wallis two-way ANOVA (log 
transformed values failed tests of normality) 

Antibody responses generally develop around 

10 the eighth day following administration of the 

constructs and are present through the 2 1 day study 
period. Furthermore, antibody responses tend to become 
stronger during the response to the second injection of 
the protein constructs . 

15 All four of the baboons receiving the sTNFR-I 

4D/C105db develop antibodies, two of four of the 
animals receiving the sTNFR-1 3D/C105db develop 
antibodies and one of the four baboons receiving the 
sTNFR-I 2.6D/C105db develop antibodies. By Kruskall- 

20 Wallis ANOVA , the magnitude of the antibody response 

(log transformed) is significantly different among the 
three groups as a function of time (p<0.05) . Post-hoc 
analysis suggests that the significant difference in 
antibody responses is principally between animals 

25 receiving the sTNFR-I 4D/C105db and sTNFR-I 2.6E>/C105db 




with intermediate .and nonsignificant) responses from 
the animals treated with sTXFR-I 3H/C105db. 

A correlative relationship between the 
development of antibodies and the change in clearance 
5 between the two 21 day studies (p<0.01) is observed. 
Not unexpectedly, in those animals that develop a 
strong antibody response after the first administration 
of the construct, the protein is cleared more rapidly 
after the second administration. A change in clearance 

10 between the first and second injections is compared 
between animals that developed an antibody response 
(n=7) and those that did not (n=5) [Figure 13] . 

The antibodies that are detected in the 
plasma of the baboons are evaluated in a selected 

15 number of animals for direct cytotoxicity in the ME- 180 
cell line and neutralizing capacity in an L-929 assay. 
No cytotoxicity nor neutralization is seen with 
antibodies generated to any of the three constructs. 

In the Phase I Part A baboon study, animals 

20 that develop the strongest antibody responses also have 
the most rapid increase in the clearance of the 
constructs following their second administration. 
Thus, such findings suggest that antibody responses may 
reduce the biological half- life and thus, therapeutic 

25 efficacy of the constructs, and dose adjustments may be 
required. However, there does not appear to be any 
adverse clinical response to the presence of the 
antibc'dies when the constructs are administered a 
second time. Thus, therapeutic efforts to modify such 

30 constructs to reduce immunogeni c i ty , without 

significantly affecting half-life or efficacy, are 
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aimed primarily a: reducing the need for increasing 
dose adjustments, rather than the risk of adverse 
react ions . 

5 Part 1 Phase B Results: 

Finally, in the naive baboon, all three 
constructs are nearly equally effective in preventing 
cytokine mediated injury after E . coli bacteremia when 
administered at a dose of 1.0 mg/kg BW . One of 4 

10 Placebo- treated baboons survive; 4 of 4 sTNFR-I 
4D/C105db- and sTNFR-I 3D/C105db- treated baboons 
survive; and 3 of 4 sTNFR-I 2 . 6D/C 1 0 5db - t reat ed baboons 
survive, respectively. All three constructs prevent 
TNFoc bioactivity and provide excess neutralizing 

15 capacity. 



Part II : 

The specific aim of the Part II study in 
baboons is to determine whether repeated exposure (i.e. 

20 3 separate injections) of animals to various sTNF-RI 
constructs results in further immunogenic ity and 
decreased half -lives. Additionally, this study is 
designed to compare the immunogenic ity and 
pharmacokinet ics of several sTNF-RI const rue ts , 

25 including the sTNFR-I 2.6D/C105db and sTNFR-I 

4D/C105db, and the sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) and 
sTNFR - 1 4D/N105-t-BuPEG <33kDa) . Finally, this study is 
designed to evaluate the clinical significance of the 
antibody response and alter clearance on the subsequent 
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response tc a TMFa-xediated injury challenge (E. coli 
bacteremia) . 

On days 0, 2 1 and 42, baboons are 
administered I.V. 0.2 mg/kg of the various constructs 
5 (sTNFR-I 4D/C105db, sTNFR-I 2 . 6D/C1-I 5db , sTNFR-I 
2 . 6D/N105-t -3u?EG ( 33kDa) , or sTNFR-I 4D/N105-t- 
BuPEG f 33kDa) , respectively). On day '63, baboons 
receive 2.0 mg/kg BW of their respective constructs. 
On day '65 (i.e.; 48 hrs later), baboons are challenged 
10 with a lethal dose of E . coli as outlined in Part I 
above. The major findings Part II are as follows: 



Results (Pare II ) : 

In general, sTNFR-I 4D/N1 0 5 - t -BuPSG ( 3 3 kDa ) 

15 and sTNFR-I 2 . 6D/N1 0 5 - 1 - BuPEG ( 3 3 kDa ) have longer half- 
life's Chan TNFR-I 4D/C105db and sTNFR-I 2.6D/C105db in 
the naive baboon, irrespective of the number of 
domains . hal f - 1 ives range from 3 0-35 hours for the 
monopegylated sTNP'R-I forms m comparison to 10-20 

2 0 hours for the dimeric pegylated forms. Additionally, 
sTNFR-I 4D/N105 - t - BuPEG ( 3 3 kDa ) and TNFR-I 4D/C105db 
have longer half -lives than 2 . 6D/N1 0 5 - t -BuPEG ( 3 3 kDa ) 
and sTNFR-I 2.6D/C105db in the naive animal. 

sTNFR-I 4D/C105db and sTNFR-I 2.6D/C105db are 

25 also immunogenic, with a modest trend towards reduced 

immunogenic i ty with sTNFR-I 2.6D/C105db. However, only 
TNFR-I 4D/C105db exhibits reduced clearance with 
repeated administrations. sTNFR- I 4D/N105-t- 
BuPEG ( 3 3 kDa ) and 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) are neither 

30 antigenic, nor do their clearance rates change 
sigm ficantly with repeated administration . 




Serum obtained from each baboon (N=3) treated 
with the different compounds on days *21, day *42, and 
day '61 are assessed in vitro for immunoreac t 1 vi ty (by 
a sandwich capture ELI SA) to other constructs by using 
5 the different constructs as the capture antigen. For 
example, serum obtained from baboons administered the 
2 . 6D/N105-t-BuPEG (33kDa) on day '21 (Table 9) do not 
"react" to either the sTNFR-I 4D/C105db / sTNFR-I 
4D/N1 0 5 when these compounds are used on the ELI SA 
10 plate as the capture antigen. 
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A positive reaction is an antibody response 
of >1:400 tit re . Data fro^ day *42 and '61 are shown in 
Tables 10 and 11. Importantly, there is a positive 
reaction in vitro with serum obtained from 1 baboon 
5 previously treated with the 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) 
when tested against the sTNFR-I 4D/C105db capture 
antigen (Table 11) . 



CN 











0) 


>i 










o 


Q 










OJ 






ai 






od 


—I 


o 




■D 


T— 1 




j-J 






-H 






J-> 








PQ 


-H 


O 


< 


__> 


O 


H 








< 






■.J 


H 




O 

Xi 






m 






(XI 


o 





H 


























i 


o 
























c< 












c 














PL, 




















U 


o 












ro 




ro 






ro 




o 




H 


Q 


\ 














\ 


9 


CO 




CO 




rO 




m 




ro 










































U 




























cn 




cn 




cn 














i 


o 


CD 




cu 




cu 






OJ 








ps 


rH 






c 


















b 


u 


















O 










ro 




ro 




ro 






ro 


CM 






H 


Q 










\ 








ro 






CO 




ro 




ro 




ro 






CN 


- — ■ 
































( 


p 
























jj 




























ro 






















M 


LO 


ro 
























O 


























rH 


O 
























u 


pq 


















































Q 
























W 




pq 


























- 


















































1 


Q 
























-J-> 


>i 






















M 


1 

LO 


m 
ro 










cn 












i 


O 


























rH 


a 










c 












Pn 


53 
























S3 




& 










ro 












H 


Q 
























w 




pq 










ro 














i 


























4J 


U 
























1 


Q 
























if) 


























o 


ro 






















H 


H 


ro 


cn 


























cu 




















« 




O 


c 






















Q 


pq 






















S3 






ro 




















H 


• 


P 






















CO 


ON 


pq 


ro 
























5db 


























o 




£J 






















rH 




(TJ 






















u 




CLJ 




















P4 








o 


















p4 


p 






























ro 




























, — { 


















CO 


tN 




























- 
OJ 


























Q 








-— - 




-— - 














M 








fO 


















ro 








Q 




Q 














ro 








A! 




M 






















ro 




ro 














O 








ro 




ro 














pq 


































O 




O 




in 


















pq 




pq 




o 










pq 
i 








P4 








rH 






c 


















u 






CD 




jj 








pq 




pq 










> 








=8 








i 




Q 






--H 




LD 




in 




4J 


















O 




o 




i 




I 




H 








H rH 


M 


rH 


H 


in 


H 


in 








rH 








U 


i 


o 


i 

Pi 


o 










(TJ 






P4 


\ 




H 


rH 








6 






Pk 


Q 




55 


Pn 


a 










-H 


CO 


25 vx> 


2: 


vx> 


S5 


\ 


53 














II 


H 






H 


Q 


H 


Q 




H 








C 


CO CM 


CO 


CN 


CO 




to 






CO 







CD 






CO 






C 


as 




O 


Q 










m 






'I) 








Th 


1 — I 




QJ 


I— 1 




-U 






-H 




O 






X! 






-H 


O 


< 




o 




An 






<— i 










a 






o 












as 






m 


O 



tn 





M 


LD 
O 


CT 






















o 




pe; 


rH 








o 






o 










o 












U 


o 




U 


o 








U 


CO 




S5 




ro 


ro 


rc 


OJ 


ro 










ro 




OJ 




H 


Q 






OJ 


ro 














CD 






CQ 




r^ 


T— ' 




- — - 






- 






ro 




- — - 






_ 




t~ 




























































nC 
















rc 








i 


O 


cu ~ 


OJ 






OJ 










CD 








Pi 


i— I 


Im O 




o 






o 








^ 








tn 


U 


O 




o 






o 










o 








\ 


ro U) 


ro 






ro 










ro 










Q 






,— . 














•\ 








CQ 


"tf 


I— i '~— ' 




— - 
















- — - 








(T3 






























Q 






























^4 
ro 


























1— I 


LO 


ro 


























1 


O 
































ri 




























U 


W 


























































P 




























cq 




CQ 
























































































i 


P 




























4J 
1 


ro 


























H 

i 


LO 

O 


co 












eq 
















H 


O 












c 


















W 






























ft 












ro 














H 


P 




























to 




CQ 












ro 
















i 






























4J 

l 


Da 




























LD 


M 




























O 


ro 


























H 


TN 


ro 


eg 


























\ 


O 


c 
























b 


Q 


W 


























55 




ft 


ro 
























H 




? 


























CO 


(N 


CQ 


ro 




























5db 






























o 




(j 
























H 


rH 




(T3 


o 
























U 




(D 


o 






















PJ 


\ 






00 
























Q 


































rO 


o 






















H 








OJ 






















cq 


CN 




CN 




























1? 






























Q 
















- — ■ 












































ro 
ro 










P 






Q 
























ro 






ro 














O 










ro 






ro 




€ 










w 






























ft 
















O 




m 




















H 






W 




o 










PQ 
t 










ft 






ft 




rH 






C 






















O 










4J 










CQ 






CQ 










> 




I 




=§ 






i 






i 




P 






-H 




LD 




in 






4-> 






4J 














O 

H rH 


M 


o 

rH 




M 


1 

in 




M 


I 

in 




M 






iH 




' S 


l 


U 




i 


o 




l 

PS 


o 




l 














\ 




Pi 


rH 




rH 








e 








Q 






55 






o 










-H 


ro 




55 


vo 




55 


•\ 




55 












d 


II 


H 


H 






H 


P 




Eh 


p 




H 






4! 


C 


CQ CN 


CQ 


CN 




CQ 






CQ 






CQ 






In the bah cor. previously exposed Co the 
constructs three times, efficacy to a TNFu-mediated 
injury response is greatest in the (1) sTNFR-I 
4Z/CI05db, (2) sTNFR-I 2.6D/C105db, (3'i sTNFR-I 
5 4C/N105-t-BuPEG (33kDa) and (4) 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) 
(as determined by survival, multi-system organ failure 
(KSOF), serum IL-6 and WBC responses) . The "caveat" is 
that this study did not consider differences in the TNF 
neutralizing capacity of the different constructs. 

10 

C. Chimpanzee: 

The objective of this study is to assess 
the immunogenicity of the different sTNF-RI forms which 
are repeatedly injected by the I.V. route in 
15 chimpanzees over a 1 month period. The sTNF-RI forms 
tested in this study are: the sTNFR-I 2.6D/C105db, 
sTNFR-I 4D/C105db, sTNFR-I 4D/C1 0 5 - t -BuPEG ( 3 3kDa) , 
sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) , and sTNFR-I 4D/N105- 
t-BuPEG (33kDa) . There are a total of 3 Chimpanzees per 

2 0 treatment group. 

The dose regimen/parameters of this study are 
as follows: Each Chimpanzee receives the test article 
as an intravenous bolus injection at 0.1 mg/kg, twice 
weekly on Mondays and Fridays for 4 weeks (8 doses 
25 total) . The dose volume is variable depending on the 
concentration of the supplied test article. A 5 mL 
serum sample is obtained from each animal on Day 0 
prior to treatment. Additional serum samples are 
obtained just prior to drug administration on days 7 , 

3 0 14 , 21 , and 2 8 . 
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snow: 



The chimpanzee immuncgenicity raw data are 
"able 1 2 . 




3y day '23, all an: ma Is ( N = 3 ; treated with 
either the sTNFR-I 4D/C105db or sTNFR-I 2 . 5D/CI I) 5dt 
record a positive reaction (measured by ELISA) , with 
the highest titre observed as 1:12,300 or 1:3201), 
5 respectively (Table 12) (Note: In this part of the 

experiment, all "immunizing" antigens are used as the 
corresponding capture antigens immobilized on the ELISA 
plate). One animal treated with sTNFR-I 4D/N105-t- 
BuPEG(33kDa) has a positive antibody reaction on days 

10 *21 and ~28 (Table 12) . Importantly, no animals 

treated with either the sTNFR-I 4D/C105 - t -BuPEG ( 3 3kDa ) 
or sTNFR-I 2 . 6D/M105-t- BuPEG ( 3 3 kDa ) are observed to 
have developed anti-sTNFR-I antibodies throughout the 
experiment (Table 12) . 

15 As described in the baboon experimental 

section above, serum obtained from each chimpanzee 
(N=3) treated with the different sTNF-RI forms on days 
^28 are assessed in vitro for immunoreact i vi ty (by 
ELISA) to other constructs by using sTNF-RI forms as 

20 the capture antigen. A positive reaction is an 

antibody response of >1:400 titre. Importantly, serum 
obtained from chimpanzees administered the sTNFR-I 
2 . 6D/N105-t- BuPEG ( 3 3 kDa ) do not "react" to either the 
sTNFR-I 4D/C105db, sTNFR-I 4D/N105 when these compounds 

25 are used on the ELISA plate as the capture antigen 
(Table 13) . 
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This is also observed wi:h amrrals n reared 
with either the sTKFR-I 4D/C105db # sTNFR-I 4D/C105-t- 
BuPEG (33kDa) , or sTNFR-I 4D/N1 0 5 - t - BuPEG ( 3 3 kDa ) (Table 
13) . 

5 

Example IV 

EAE is an acute or chronic relapsing 
inflammatory demyel mat i ng disease of the CNS resulting 

10 from sensitization of genetically susceptible animals 
with neuroant igens such as myelin basic protein (MBP) . 
EAE is an art -accepted and often used animal model for 
acute human MS . 

Female Lewis rats (Jackson Laboratories, Bar 

15 Harbor, ME) are anesthetized and immunized on Day 0 in 
the footpad of the left hind limb with 0.1 mL of an 
emulsion containing myelin basic protein (MBP) in 
complete Freunds adjuvant dissolved in phosphate 
buffered saline (PES) with an equal volume of complete 

2 0 Freunds adjuvant ( C FA ) containing 5mg/ml of 

Mycobacterium tuberculosis H37Ra (Difco Lab MI) . 
Control rats receive 0.1ml of the PBS/CFA emulsion with 
no MBP in the footpad of the left hind limb. 

Evaluation of clinical disease is based on a 
25 conventional 0-5 scoring system. The spectrum of 

rating is: 0, normal; 0.5, partial loss of tail tone; 
1, complete loss of tail tone, 2, dragging of one hind 
limb; 3 paralysis of both hind limbs; 4, morbid; and 5, 
death. All injections of sTNFR-I constructs or vehicle 

3 0 are administered at 1 mg/kg S.C. every other day 

starting on day 9 post immunization. All animals are 



terminated on day 21. Results are expressed in two 
f o r ms , clini :al seve r::y score as a function of ti me , 
and the integrated clinical score for each rat over the 
entire course cf the disease is calculated as the area 
5 under the curve of daily clinical score versus time. 
The values of the treated groups for integrated 
clinical scoring are compared statistically against 
those of the control group using the Mann-Whitney test. 
Vehicle treated animals have an onset of 

10 disease around day 10, the disease peaked on day 16 and 
then declined. sTNFR-I 4D/C106db attenuates the 
clinical symptoms by approximately 73%, when compared 
to vehicle treated animals. The sTNFR-I 4D/C105-C- 
BuPEG(33kda) also attenuate the clinical symptoms by 

15 approximately 55%. The sTNFR-I 4D/C105 - t -BuPEG ( 3 3kda) 
and sTNFR-I 2 . 6DN105 - t -BuPEG ( 3 3kDa) are equally potent 
in attenuating the clinical symptoms (64 and 57%, 
respectively) . 

In conclusion, it appears that truncated 

20 sTNFRs are effective in mediating some of the clinical 
sequelae in this animal model of MS. 

While the present invention has been 
described above both generally and in terms of 
preferred embodiments, it is understood that other 

25 variations and modifications will occur to those 

skilled in the art in light of the description above. 
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ABSTRACT 

Disclosed are novel proteins, referred to as 
tumor necrosis factor binding proteins, that modulate 
5 the activity of tumor necrosis factor. Also disclosed 
are processes for obtaining the tumor necrosis binding 
proteins by recombinant genetic engineering techniques 
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AMENDMENTS T O THE SPECIFICATION 
Marked Up Version of Specification under 37 C.F.R. 1.121(b)(l)(iii) 



TRUNCATED SOLUBLE TUMOR NECROSIS FACTOR 
TYPE-I AND TYPE-II RECEPTORS 



FIELD OF THE INVENTION 
5 The present invention relates to the field of 

inflammation. More specifically, the present invention 
relates to truncated tumor necrosis factor receptors 
(sTNFRs) . 

1 0 BAC KGROUND OF THE INVENTIO N 

Inflammation is the body's defense reaction 
to injuries such as those caused by mechanical damage, 
infection or antigenic stimulation. An inflammatory 
reaction may be expressed pathologically when 

15 inflammation is induced by an inappropriate stimulus 

such as an autoantigen, is expressed in an exaggerated 
manner or persists well after the removal of the 
injurious agents. Such inflammatory reaction may 
include the production of certain cytokines. 

20 While the etiology of inflammation is poorly 

understood, considerable information has recently been 
gained regarding the molecular aspects of inflammation. 
This research has led to identification of certain 
cytokines which are believed to figure prominently in 

25 the mediation of inflammation. Cytokines are 

extracellular proteins that modify the behavior of 
cells, particularly those cells that are in the 
immediate area of cytokine synthesis and release. 
Tumor necrosis factors (TNFs) are a class of cytokines 

3 0 produced by numerous cell types, including monocytes 
and macrophages . 



described, specifically CKF alpha TXF-u, and TNF beta 
i TN F - [i or 1 ymp hctcxin) ( and each is active as a 
trimeric molecule and is believed :c initiate cellular 
5 signaling by crosslinking receptors (Engelmann et al . 
(1990), J . Biol. Chew., _2_6_5 : 144 97 - 14 5 04 ') . 

Several lines of evidence implicate TNF-a and 
TNF- 13 as ma- or inflammatory cytokines. These known 
TNFs have important physiological effects on a number 

10 of different target cells which are involved in 

inflammatory responses to a variety of stimuli such as 
infection and injury. The proteins cause both 
fibroblasts and synovial cells to secrete latent 
collagenase and prostaglandin E2 and cause osteocyte 

15 cells to stimulate bone resorption. These proteins 

increase the surface adhesive properties of endothelial 
cells for neutrophils. They also cause endothelial 
cells to secrete coagulant activity and reduce their 
ability to lyse clots. In addition they redirect the 

20 activity of adipocytes away from the storage of lipids 
by inhibiting expression of the enzyme lipoprotein 
lipase. TNFs also cause hepatocytes to synthesize a 
class of proteins known as "acute phase reactants," 
which act on the hypothalamus as pyrogens (Selby et al . 

25 (1983), Lancet, 1 ( S 5 8 3 ) : 4 8 1 ; Starnes, Jr. et al. 

(1988), J. Clin. Invest., 82:1321; Oliff et al . (1987), 
Cell, 5^0:555; and Waage et al . -.'1987), Lancet, 
1(852 9 ) : 3 5 5 ■ . Additionally, preclinical results with 
various predictive animal models of inflammation, 

3 0 including rheumatoid arthritis, have suggested that 
inhibition of TNF can have a major impact on disease 



progression and severity ;Eayer et al . (1934), European 
Cytokine Network, 5 -z : 5 6 3 - 5 7 1 and Feldir.ar.n et al . 
(1995), Annals Of The New York Academy Of Sciences, 
6_6 : 1 72 - 2 78 ) . Moreover, recent preliminary human 
clinical trials in rheumatoid arthritis with inhibitors 
of TNF have shown promising results (Rankin et al . 
(1995), British Journal Of Rheumatology, 3 ( 4 ) : 4 3 3 4 - 
4342; Elliott et al . (1995), Lancet, 344:110 5-1113; Tak 
et al . (1996), Arthritis and Rheumatism, 39:1077-1081; 
and Paleolog et al . (1996), Arthritis and Rheumatism, 
3_9:1032-1091) . 

Protein inhibitors of TNF are disclosed in 
the art. EP 308 378 reports that a protein derived 
from the urine of fever patients has a TNF inhibiting 
activity. The effect of this protein is presumably due 
to a competitive mechanism at the level of the 
receptors. EP 308 378 discloses a protein sufficiently 
pure to be characterized by its N-terminus. The 
reference, however, does not teach any DNA sequence or 
a recombinant ly-produced TNF inhibitor. 

Recombinant ly-produced TNF inhibitors have 
also been taught in the art. For example, SP 393 438 
and EP 422 339 teach the amino acid and nucleic acid 
sequences of a mature, recombinant human "3 0kDa TNF 
inhibitor" (also known as a p55 receptor and as sTNFR- 
I) and a mature, recombinant human "40kDa inhibitor" 
(also known as a p75 receptor and as sTNFR-II) as well 
as modified forms thereof, e.g., fragments, functional 
derivatives and variants. EP 393 438 and E? 422 339 
also disclose methods for isolating the genes 
responsible for coding the inhibitors, cloning the gene 



in suitable vectors and cell types, and expressing the 
gene to c reduce the inhibitors. Mature recombinant 
human 3 0kDa TNF inhibitor and mature recombinant human 
4 0kDa TNF inhibited have been demonstrated to be 
5 capable of inhibiting TNF (SP 393 438, EP 422 339, 

PCT Publication No. WO 92/16221 and PCT Publication No. 
WO 95/34326). 

sTNFR-I and sTNFR-il are members of the nerve 
growth factor/TNF receptor superf amily of receptors 

10 which includes the nerve growth factor receptor (NGF) , 
the B cell antigen CD4 0 , 4-1B3, the rat T-cell antigen 
MRC 0X4 0, the Fas antigen, and the CD2 7 and CD3 0 
antigens (Smith et al . (1990), Science, 24 3:1019-1023) . 
The most conserved feature amongst this group of cell 

15 surface receptors is the cysteine- rich extracellular 
ligand binding domain, which can be divided into four 
repeating motifs of about forty amino acids and which 
contains 4-6 cysteine residues at positions which are 
well conserved (Smith et al . (1990) , supra) . 

2 0 EP 393 4 38 further teaches a 4 0kDa TNF 

inhibitor 51 and a 40kDa TNF inhibitor 53, which are 
truncated versions of the full-length recombinant 40kDa 
TNF inhibitor protein wherein 51 or 53 amino acid 
residues, respectively, at the carboxyl terminus of 

25 the mature protein are removed. Accordingly, a 

skilled artisan would appreciate that the fourth domain 
of each of the 30kDa TNF inhibitor and the 4 0kDa 
inhibitor is not necessary for TNF inhibition. In fact 
various groups have confirmed this understanding. 

30 Domain-deletion derivatives of the 3 jkl>a and 40kDa TNF 
inhibitors have been generated, and those derivatives 



without the fourth detain retain full TNF binding 

activity while these derivatives without the first, 

second or third domain, respectively, do not retain 

TNF binding activity (Corcoran et al . ('1994', Eur. J. 
5 Bicchem. , 22_3 : 8 3 1 - 8 4 : ; Chih-Hsueh et al . (1995), 

The Journal of Biological Chemistry, 27 0(6) :2874-2878; 

and Scallon et al . (1995), Cytokine, 7(8) :759-770) . 

Due to the relatively low inhibition of 

cytotoxicity exhibited by the 30kDa TNF inhibitor and 
10 40kDa TNF inhibitor (Butler et al . (1994), Cytokine, 

6 (6) : 6 1 6 - 6 2 3 ) , various groups have generated dimers of 

TNF inhibitor proteins (Butler et al . (1994), supra; 

and Martin et al . (1 995), Exp. Neurol., 13JL : 2 2 1 - 2 2 8 ) . 

However, the dimers may generate an antibody response 
15 (Martin et al . (1995), supra; and Fisher et al . (1996), 

The New England Journal of Medicine, 33 4 (26) : 1 6 9 7 - 

1702) . 

It is an object of the present invention to 
provide functionally active truncated sTNFRs . This and 
2 0 other objects of the present invention will become 
apparent from the description hereinafter. 

S UMMARY OF THE INVENTI ON 
The present invention is directed to 
25 functionally active truncated forms of sTNFR- I and 

sTNFR-II, respectively, and are referred to herein as 
"truncated sTNFR(s) " . The truncated sTNFRs are 
modified forms of sTNFR-I and sTNFR-II which do not 
contain the fourth domain (amino a:id residues Thr^^7_ 
30 Asn 161 of sTNFR-I and amino acid residues Pro 14 1 - Thr 1 7 9 
of s TNFR -II); a oo r 1 1 o n of the third doma in [ami no acid 



residues Asr> - - - Cys - - b cf s.NrR-I and amino acid 
residues Pro 1 2 3 - Lys 14 0 of sTNFR-II); and, optionally, 
which do not contain a portion of the first domain 

(ammo acid residues Asp 1 -Cys — of sTNFR-I and amino 
5 acid residues Leu^Cys 32 of sTNFR-II). These new 
inhibitors of TNF (e.g., TNF-a and/or TNF - P ) have 
general appl icabi 1 lty . 

The truncated sTNFRs of the present invention 
include the proteins — rcprcacntcd by the — formula R 4-— 

1 0 [Cya ^ Cys^ 9 ^"^ — and R 4. [Cya ^ Cya ^j — R^- These 

p- rotcins arc truncated forma of sTNFR 1 and aTNFR II, — 
respectively . 

By — "-R^. — [ Cya "^ Cyo '^j — R-2--" — io meant — one or 

more proteins — wherein — [Cys ^" Cy3 1Q ^ — represents 
15 residues 19 through 103 of sTNFR 3—, — the amino acid 
residue — numbering — schem e — e£ — which io — provided — in 
Figure 1 — (GEQ ID NO : 2 ) — to facilitate the compari s on; 
wherein repres e nt s — a me t hiony lat cd or 

nonmethionylatcd amine group of Cy o^ or of — amino 
2 0 terminus amino acid residue (s) — s elected from the group : 



-£^FG 



NGIC 

NNSIC 


1 DEQ 


-T-D- 




: 15) 




(GEQ 






: 17 1 


C'NNSIC 


-4 CEO 






: 1& > 


PvMNSIC 

HFONNSIC 


-^GEC 
(GEO 




-44e~ 





7 





— < ^ »■*"' — 






■ 2i 'i 


y "V -X T J Z*m "Nt ^-t T i 


















: 2 3 » 


GKYIHFvNNSIC — 


— f-&&^- 


-FF- 




: 24 i 


vGKYIHPvNNSIC — 


— HS&E 1 - 


-FF^- 






F^GKYIHPQNNSIC 


( GEO 


-^Fh 






CPQGKY1IIPQNNGIC 


— (GEQ 




-NG- 


: 27 ) 


VC PQG KY 1 1 IPQNNS I C 


— i GEQ 




-NG- 




SVC PQG K Y I IIP QNN G I C — 

DGVCPQCKYIIIPC'NNGIC — 


— (GEQ 
— 1 GEQ 




-^€^ 





and wherein R g- rcprcocnt o — a — carboxy group of — Cy3 lu J or 
of carboxy terminal — amino acid residue 3 — sc lee ted from 
the group : 



— FN 



FNCG — 

FNCGL 


(GEQ 
(GEQ 


— FB~ 


-NG^ 






(GEQ 




-NO- 




FNCGLC 

FNCGLCL 


(GEO 




-NG^ 


■33): 



pol ypeptides compr l sing amin o ac id^_r es_ idues 1_ : 11c, 1 - 
109, 1-108, 1-107, 1-106, 1-105. 1- 104, 2-110, 2-109, 



2 - 


10 8 , 


2 


-107 , 


- 


1 0 6^_ 


2 


-105, 




-10 4, 




-no, 


3 - 


109 , 


3 


-108 , 


3 - 


107, 




-10 6, 


3 - 


1 0 5 , 


3 


-104^ 


4 


-110 , 


4 


-10 9, 


4 - 


108 , 


4 


- 107 , 


4 - 


10 6, 


4 


-105, 


4 - 


1 0 4 , 


5 


-110, 


5 


-10 9, 




-108 , 


5 - 


107 , 


5 


-106 , 


5- 


10 5, 




-104 , 


o — 


1 1 0 , 


6 


- 1 0 3 , 


(5 


-10 8, 


6 


-107, 


6 - 


10 6, 


6 


-105 , 


6- 


104 , 


7 


- 1 1 0 , 


7 - 


1 j 9 , 


*-? 


- 1 :■ 3 , 


7 


-107, 


7 


-106 , 


7 - 


i:5, 


7 


- 104 , 


8 - 


110, 


8 


-10 9, 


o — 


1 I- 8 , 


8 


- 1 j 7 , 


& 


-106, 


8 


-10 5, 


3- 


104 , 


9 


-110, 


9- 


109, 


9 


-10 8, 




107, 


9 


-106, 


q 


- 105 , 


o 


-10 4, 


10 


- 110 , 




10- 



10 9, 1 D - 1 C '6, 1 i3 -10 7, 10-1 06, 10 -105, 10 -104 , 11-110, 

11- 10 9, 11-1 08, 11 -107, 11-10 6, 11-10 5, 11-104, 12-110, 

12- 109, 12-1 Q8, 12 -107, 12-116, 12-105, 12-1M, 13-110, 

13- 109, 13- 108, 13 -107, 13 - 1-1 6, 13 - 105, 13 - 104, 14 -110, 
5 14-109, 14-1 08, 14 -107, 14-1:6, 14-105, 14-104, 15-110, 

15- 109, 15-108, 15-107, 15-1:6, 15-105, 15-104, 16-110, 

16- 109, 1 6-108, 16-107, 16-1 06, 16-105, 16-104, 17-110, 

17- 10 9, 17-1 0 8, 17 -1 0 7, 17-10 6, 17-105, 17-104, 18-110, 

18- 109, 18-108, 13-1 07, 18-106, 18-105, or 1 8-104 of 
1 0 SEP ID NO _: 2 ; 

gnd or variants thereof— x provided however , when R ^_— 
repr e s e nt s — a mcthionylatcd or nonmcthionylated — amine 
group of — amino acid sequence VC P Q C K Y 1 H P QNN C I C or an 
N terminal — tr un cation thereof of — from 1 — te> — 1-5 — residues , 

1 5 then the — [Cya ^ Cys ^ — R^ protei n — is not — an— 

addition variant — having the — formula R ± — [Oys ^ Cys 10 ^^ — 
P+C €GLCh R ^-, — wh e rein R ^ represents a — carboxyl — group of 

amino acid sequence Asn 111 Agn 1 '^ 1 -^ — Figure — 1 — or a 
c a r boxy t c r m i na 1 — truncation thereof that when the 
2 0 trunca ted sT NFR polypeptide comprises amino acid_ 

r esidues 3-110, 4 -11 0, 5-110, 6-110, 7-110, 8-110, 9- 
11 0, 10-11 0, 11-11 0 , _ 12- 110 , 13-110, 14 -110, 15-110, 
16-110, 17-110, or 13-11 0 o f SEP ID NO : 2 , the 
polypeptide does n ot further comprise a mino acid 

2 5 residues 111-161 of SSQ ID N O: 2, or a portion th ereof; 

and opt ionally further comprising an amino - terminal 
me thionine . 

Exemplary truncated sTNFR- I of the present 
invention include the following molecules: NH^-— 

3 0 MB SVC PQG KY I H PQNNS I C — [Cya ^ C y a^ 9 ^ — FC COOK — (al s o 
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r e ferred to as sTNFR - I 1 . 6D/C1Q54- (SEP ID N O_l_ 4 '|_ ; 
N¥t2r MB CVC PQGKY I i I P QNNS I C — ^gye^ Cys ^^-] — FNCSL COOH 
(also referred to ao sTIJFR-I 2 . 5Z/C106-)- ( SEC' ID NO: 6); 
MB SVC PQGKY I H PQNNS I C — ^Cy-e^ Cys ^ — FN COOH — (also 
5 referred to as sTXFR-I L.6D/N10 54- (SEP ID NO: 8); NH^- 
MYIIIPQNNSIC — [Cys ^ Cys ^^-j — FNCSL COOH — (aloo referred to 
ars — sTNFR - I 2 . 3D/d3+- (SEP ID NO: 12); NH^—M — [Cys ^- 
eys^^ 3 ^ — FNCSL COOH — (al3o referred to ao sTNFR-I 
2.3D/dl8^- (SEP IB NO: 10); and NHg- MS IS — [Cys ^ Cya ^ 9- -}— 

10 FNCGL COOH — (also referred to as sTNFR-I 2.3D/dl54- (SEQ 
ID NO : 14 ) , either met h ionylat ed or nonmet hionylated , 
and variants and derivatives thereof. 

By — "-R^ — [Cya ^ Cy g 11: '^ — — is meant — one or 
more proteins wherein — [Cy3 ^ Cys 1 1 — represent s 

1 5 residue s Cya ^ through Cys 115 — e^f — oTNFR — ^ — the — amino 

acid residue numbering scheme of which — is provided in 
Figure 8 — (SEQ ID NO : 3 5 ) — to facilitate the comparison; — 
wherein R 4. represents — a — me t hiony I a t ed or 

nonmc t h iony 1 a t c d — amine group of — Cyj^ or of — amino 
2 0 terminus — amino acid residue (3) — selected from the group: 



AQMC — 


(SEQ 
(SEQ 








TAQMC — 










QTAQMC 


— i" SEQ 


ID 


NO • 




DQTAQMC — 

YDPTAPMC — 


— 




-^€^ 





YYEQTAQMG — 


« GEQ 


1 U 

I D 






EYYEQTAQMC — 


\ Gi^v 


-£©- 






REYYDQTAQMC — 


' GEQ 








LREYYDQTAQMC — 


t GEQ 


-£©- 






RLREYYDQTAQMC — 


i GEQ 








CRLREYYDQTAQMC — 


i GEQ 


-*B- 






TCRLREYYDQTAQMC — 


( GEQ 








G TCRLREYYDQTAQMC — 


— ( GEQ 








GG TCRLREYYDQTAQMC — 


( GEQ 


-i©- 






PC G TCRLREYYDQTAQMC — 


( GEQ 








EPGGTCRLRE Y YD Q T AQM C — 


— t GEQ 


-i©- 






PEPGCTCRLREYYDQTAQMC — 


(GEQ 


-£©- 




-5^4- 


APEPCGTCRLREYYDQTAQMC — 


(GEQ 


-£©- 






YAPEPGGTCRLREYYDQTAQMC — 


(GEQ 


-£©- 




-554- 


PYAPEPGGTCRLREYYDQTAQMC — 


— (GEQ 
— ( GEQ 


-£©- 






TP YAPEPGGTCRLREYYDQTAQMC — 




~©©h 


-kg- 


-5tH- 


FTP YAPEPGGTCRLREYYDQTAQMC — 


— (GEQ 


-i©- 




-5S^- 


AFTP YAPEPGGTCRLREYYDQTAQMC — 


— (GEQ 
— ( GEQ 


-£©- 




-53^- 


VAFT PYAPEPGGTCRLREYYDQTAQMC — 




-^©~ 






QVAFTPYAPEPGGTCRLREYYDQTAQMC — 


(GEQ 
— (GEQ 


~^©^- 


-no- 




AQVAFTP YAPEPGGTCRLREYYDQTAQMC — 




-^©^~ 






PAQVAFT PYAPEPGGTCRLREYYDQTAQMC — 

L PAQVAFT PYAPEPGGTCRLREYYDQTAQMC — 


— (GEQ 
— (GEQ 


-^©~ 







and wh e rein R -5. represents — a — carboxy group of — Cys 1 1 -—er 
— carboxy — t e rminal — amino — acid r es idu es — selected — from 
the group : 

A 

A© 

AP© 

AP L- R (GEQ ID NO : G 4 ,) 



10 



15 



20 



25 









AP 


LrRK f 


CEO ID NO 1 












APL 






: «5 *$ . 
























AT LP. 
















r.LR v 


BEQ ID NO ■ 






The tr 


uncat ed 


sTNFRs o 


f the present in 


vent ion 


also include pel 


ypeptides conpr: 


s:nq amino acid 






res dues 1-122 , 


1-12 1, 


1-12 0, 1 - 


1_19, 1 


-113. 1-117, 


1 - 


116, 2 - 


122, 2-12 


1, 2-120, 2-119, 


2-118 


, 2-117, 2 


- 116 , 


3-122 , 


3-121 , 3- 


120, 3- 


119 , 3-11 


8 , 3-117 , 3-116 , 


4 - 


12 2 , 


4-121 , 


4-120, 4 - 


119, 4 - 


118, 4-117, 4-116, 5-122, 


c ( _ 


121 , 


5-120, 


5-119 . 5- 


118, 5- 


117, 5-116, 6-122, 6-121, 


6 - 


120, 


6-119, 


6 - 118 , 6 - 


117 . 6 - 


116 , 7-12 


2 , 7-121 , 7-120 , 


7- 


119, 


7-118, 


7-117, 7- 


116, 8- 


12 2, 8-12 


1, 8-120, 8-119, 


8 - 


118 , 


3-117, 


8-116 , 9- 


122, 9- 


121, 9-12 


0, 9-119, 9-118, 


9- 


117 , 


9-116, 


10-122, 10-121, 


10-120, 10-119, 


10-118, 10-117, 


10-116, 


11-122 , 


11-121, 


11-12 0, 


11-119 


, 11-118, 


11 - 


117 , 


11-116, 


12-122, 


12-121, 


12-120, 


12-119 


, 12-118, 


1 o _ 


117 , 


12-116, 


13 - 122 , 


13-121, 


13-120, 


13-119 


. 13-118, 


13 - 


117, 


13-116, 


14-122, 


14-121, 


14-12 0 , 


14-119 


, 14-118, 


14- 


117, 


14-116, 


15-122 , 


15-121, 


15-120, 


15-119 


, 15-118, 


15- 


117, 


1 IT 1 1 L 


16-122 , 


16-121 , 


16-120, 


16-119 


, 16-118, 


16- 


117, 


16-116 , 


17-122 , 


17-121, 


17 - 120 , 


17-119 


. 17-118, 


17- 


117, 


17-116 , 


18-122 , 


18-121 , 


18-120 , 


18-119 


. 18-118, 


18- 


117 , 


18-116 , 


19-122 , 


19-121, 


19-120, 


19-119 


, 19-118, 


19- 


117, 


19-116 , 


2 0-122, 


20-121 , 


2 0-120, 


2 0-119 


, 2 0-118, 


2 0 - 


117, 


2 0-116, 


21-122 , 


21-121, 


21-12 0, 


2 1-119 


, 2 1-118 , 


2 1- 


117, 


21-116 , 


22-122 , 


22-121, 


2 2-120, 


22-119 


, 22-118, 


2 2- 


117, 


22 - 116 , 


23-122 , 


23 -121 , 


23-12 0 , 


23-119 


, 23-118, 


23 - 


117, 


2 3-116, 


24-122 , 


24-121 , 


2 4-120, 


24-119 


, 24 - 118 , 


24 - 


117, 


24 - 116 , 


25-122 , 


25-121 , 


2 5-120, 


25-119 


, 2 5-118, 


2 5- 


117, 


25-116 , 


26-122 , 


26-121 , 


2 6-120, 


16-119 


, 26-118, 


2 6- 


117, 


2 6-116, 


27-122 , 


27-121 , 


2 7-120, 


17-119 


, 27-118, 


27 - 


117, 



27- 116, 28-122. 28-121. 28-120, 28-119, 28-118, 28-117, 

28- 116, 29-112, 2 9-111, 29-12':, 29-119, 29-118. 29-117, 

29- 116, 11-122, 31-111, 30-110. 3 0-119, 20-118, 30-117, 
1-1-116, 31-122. 31-111, 31-12C. 31-119, 31-118, 31-117, 

5 or 31-116 of SEP ID NO : 16 ; 

and or variants an d de rivatives thereof—^ provided 
howeve r , when — R4. — represents — a — me t h i o ny 1 a t c d — or 
nonmcthionylat ed amine group of — amino acid sequence 
TCRLREYYDQTAQMC or an N terminal — t runcat ion — thereof of 

1 0 from 1 to 15 residues, — then R 4- — [ Cya ^ Cy3 ^j — R^ is not 

an addition variant — having — ferhe — formula R ^ — [Cys^"— 

Gye- 1 1 — APLRKCR R ^ — wherein represents a carboxyl 

group of amino acid sequence — F4eo 12 ^ Thr 1 7 -^e^-f — Figure — 8— 
or a carboxy terminal — truncation thcreof that when the 
1 5 trunca ted _sT NTR^j3ol^ the am ino acid 

residues 15- 122 , 16- 122, 17-122, 18-122, 1_9_-12 2, 20- 
122, 21-122, 22-122, 23-122, 24- 122, 25- 222 , 26 -122, 
27-122, 2 8-122, 29-12 2, 30-12 2, or 31-122 of SEO ID NO: 
1 6, the p o lypeptid e doe s not _f urth er compri se amino 

2 0 a cid residues 123 -179 of SEP ID NO: 16, or a portion 

t hereof ; 

a nd optiona ll y f u r tjie rj^UIl i s i ng an amin o - t erminal 
m ethionine . 

In one aspect of the present invention, 
25 the truncated sTNFRs may be made in glycosylated or 

non-glycosyl ated forms. Truncated sTNFRs are produced 
by recombinant genetic engineering techniques. In an 
alternative embodiment, truncated sTNFRs are 
synthesized by chemical techniques or a combination of 

3 0 the recombinant and :hemi:ai techniques. 
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In another aspect cf the present invention, 
truncated sTNFRs may be derivatized by attaching the 
truncated sTNFRs to a water soluble polymer. For 
example, the truncated sTNFRs may be conjugated to one 
5 or mere polyethylene glycol molecules in order to 

improve pharmacokinetic performance by increasing the 
molecule ' s apparent molecular weight . 

Yet another aspect of the present invention 
includes the various polynucleotides encoding truncated 

10 sTNFRs . Suitable nucleic acid sequences include, for 
example , those specif ical ly depicted in the Figures as 
well as degenerate sequences and naturally occurring 
allelic variations thereof. Such nucleic acid 
sequences may be used in the expression of truncated 

15 sTNFRs in eukaryotic or prokaryotic host cells, wherein 
the expression products or derivatives thereof are 
characterized by the ability to modulate the activity 
of TNF. 

A further aspect of the present invention 
20 involves vectors containing the polynucleotides 
encoding truncated sTNFRs operatively linked to 
amplification and/or expression control sequences. 
Both prokaryotic and eukaryotic host cells may be 
stably transformed or transfected with such vectors to 
25 express the truncated sTNFRs. The present invention 
further includes the recombinant production of 
truncated sTNFRs wherein host cells containing such 
polynucleotides are grown in a suitable nutrient medium 
and the truncated sTNFRs expressed by the cells are, 
30 optionally, isolated from the host cells and/or the 
nutrient me d i urn . 
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Another aspect of the present invention 
includes pharmaceut i cal compos i 1 1 ens containing 
truncated sTNFRs or derivatives thereof. Typically, 
the truncated sTNFRs or derivatives thereof may be 
5 formulated in association with pharmaceut ically 

acceptable vehicles. A variety of other formulation 
materials may be used tc facilitate manufacture, 
storage, handling, delivery and/or efficacy of the 
truncated sTNFRs or derivatives thereof. 

10 Another aspect of the present invention 

relates to methods of modulating the activity of TNF . 
Specifically, TNF-mediated diseases (e.g., diseases 
mediated by TNF - a and/or TNF - p ) may be treated by 
administering to a patient therapeutically effective 

15 amounts of truncated sTNFRs or derivatives thereof. 

The polynucleot ides encoding truncated sTNFRs 
may also be used in cell therapy or gene therapy 
appl i cat ions . 

The truncated sTNFRs Q f the present invention 

20 are particularly suited for production of large-scale 
quantities of protein. For example, sTNFR-I has a 
deamidation site within the amino acid sequence 111 to 
126 (amino acids Asn 1 1 1 - Gly 12 6 ) . The absence of this 
site is expected to enhance biochemical stability of 

25 the purified protein, decreasing possible degradation 

products and resulting in more storage - stable proteins. 
Truncated sTNFRs have fewer disulfide bridges than do 
other previously disclosed TNF inhibitor proteins. For 
example, sTNFR-I has two disulfide bridges within the 

30 amino acid sequence 111 to 126 and three disulfide 

b r i age s within the amine acid sequence 127 to 161; and 



sTNFR-II has a disulfide bridge between Cys 12 ^ and 

Cys 139 , Cys 142 and Cys 157 , and Cys 163 and Cys 178 . The 
reduced number cf disulfide bridges is important in 
that greater numbers of these linkages can complicate 
5 the protein refolding process. Surprisingly, truncated 
sTNFRs have fewer sites for antigenic epitopes than do 
other previously disclosed TNF inhibitor proteins 
(e.g., a shortened form of sTNFR-I having the first 
three domains has neo-epitopes caused by exposing 

10 certain residues, see Example III), resulting in 
comparatively reduced antigenicity and having no 
significant reduction in clearance rate with repeated 
administration. The reduced immunogenic ity of 
truncated sTNFRs is expected to be suitable for 

15 treatment of TNF-mediated diseases, particularly 
including chronic inflammatory diseases. 

Additional aspects and advantages of the 
invention will be apparent to those skilled in the art 
upon consideration of the following description, which 

20 details the practice of the present invention. 

BRIEF DESCRIPTION OF THE FIGURE S 
Numerous aspect s and advantages of the 
present invention will become apparent upon review of 
25 the figures, wherein: 

Figure 1 depicts a nucleic acid sequence 

( SEQ ID NO:l) encoding Asp 1 -Asn 161 / full length 
recombinant human sTNFR-I. Also depicted is the amino 

acid sequence (SEQ ID NO : 2 ) of Asp^-Asn 1 ^ 1 . 
30 Figure 2 depicts a nucleic acid sequence 



C yg - ^ ^-j — ?G — COOII — (also — rc f erred — t-o — a 9 sTNr R - I 
2 . 6r/C10 5f. Also depicted is the amino acid sequence 
SEC ID NC : 4 > cf NH-2- MDG VCPQCKY I HPQNNS I C — [Cyo ^- 

Cy-s^ 4 ^! — FC COOII sTNFR-I 2.6D/C105 . 
5 Figure 3 depicts a nucleic acid sequence 

\SEQ ID NO : 5 ) encoding NH-2- M D G V C P Q C K Y 1 1 1 P Q NN SIC — [-Gy^^ 9 - 

*Gye^^ — FNCGL COOII — (also referred to as sTNFR-I 
2.6D/C106-K Also depicted is the amino acid sequence 

(SEQ ID NO: 6) of NH^- MDGVCPQGKY IIIPQNNC I C — [Cyo^- 

1 0 Cye^ 3 "! — FNCGL COOH sTNFR - I 2.6D/C106 . 

Figure 4 depicts a nucleic acid sequence 

(SEQ ID NO: 7) encoding NH^ MDGVCPQGKYIIIPQNNG I C — ^Gys^- 

Gy-e^ 3 ^ — FN COOII — (also referred to ao sTNFR - I 
2.6D/N105-K Also depicted is the amino acid sequence 
15 (SEQ ID NC' : 3 ) o f NHg- MDGVCPQGKYIIIPQNNG I C — HGys 4 " 9 - 

Gy-^^) — FN COOH sTNFR - I 2 . 6D/N105 . 

Figure 5 depicts a nucleic acid sequence 

(SEQ ID NO: 11) encoding NH-g- MYIIIPQNNSIC — t-Gyg^ Cys ^f- 
FNCGL COOII — (also referred to ao sTNFR-I 2 . 3D/d3-K 
20 Also depicted is the amino acid sequence (SEQ ID NO: 12) 

of NH^- MDGVCPQGKYIIIPQNNSIC — [Cyo -3 ^ Cya ^ 9-3 ^ — FNCGL 
COOH sTNFR- I 2 . 3D/d8 . 

Figure 6 depicts a nucleic acid sequence 

(SEQ ID NO: 9) encoding NH^—M — ^Gye^ 9 Cys ^ — FNCGL COOH 
25 (also referred to a a sTNFR-I 2.3D/dl8-K Also depicted 
is the amino acid sequence (SEQ ID NO : 1 0 ) of NH-2-— M— 

[Cya ^ Cyo " 3 ^ 9- -} — FNCGL COOH sTNFR- I 2.3D/dl8 . 
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Figure 7 depicts a nucleic acid sequence 
(SE:; ID NC:13) encoding Nft-g. MDID — [^-y^^ Cya ^^] — FNCSL 
€eGH — (also referred to as sTNFR-I 2.3D/dl5-K Also 
depicted is the ammo acid sequence (SSQ ID NO: 14) of 
5 Nft-g. MS IS — ^Gye^ Cya ^^ — FNCSL COOH sTNFR- I 2.3D/dl5 . 

Figure 3 depicts a nucleic acid sequence 

(SSQ ID NO:3-4;y^) encoding Leu 1 -Thr 1 7 9 , mature 
recombinant human sTNFR-II. Also depicted is the amino 

acid sequence (SEQ ID NO : 3^16 ) of Leu 1 -Thr 179 . 
10 Figure 9 depicts the amount of swelling 

induced in a Streptococcal cell wall -induced 

reactivation model, as described m Example II. 

Figure 10 depicts the plasma profiles of 

sTNFR-I 4D/C10 5db in healthy baboons following two 
15 minute intravenous infusion of 0.2 mg/>g, as described 

in Example III. 

Figure 11 depicts the plasma profiles of 

sTNFR- I 3D/C105db in healthy baboons following two 

minute intravenous infusion of C .2 mg/kg, as described 

2 0 in Example III. 

Figure 12 depicts the plasma profiles of 
sTNFR-I 2.6D/C105db in healthy baboons following two 
minute intravenous infusion of 0.2 mg/kg, as described 
in Example III. 
25 Figure 13 depicts realtionship between dose 

and clearance of different dimeric sTNFR-I contracts, 
as described in Example III. 

DETAILED DESCRIPTION OF THE INVENTION 

3 0 The present invention is based on the 

unexpected discovery that sTNFR-I and sTNFR-II may each 
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be reduced in size to exclude not only the fcurth 
detain but a pert ion cf the third domain and, 
cctionally, a pcrticn of the first domain, and yet 
retain biological activity and have reduced 
5 antigenicity. For at least the following reasons, it 
is considered advantageous to produce these 
biologically active truncated sTNFRs or derivatives 
thereof. First, these molecules may have one less 
potentially destabilizing deamidation site. Second, 

10 these molecules have fewer disulfide bridges , 

potentially making refolding and purifying easier. 
Third, these molecules have reduced sites for potential 
antigenic epitopes . 

As used herein, the term "truncated sTNFR(s) " 

15 includes one or more biologically active synthetic or 

r e c omb i n a n t mo lecules — trhe — formula R ^- — [Cya ^ Cys 10 ^ — 
fi^ or R 4- — [ Cy3 ^ Cy 3 1 1 ~ -j — ft^ comprismg ami no acid 
residues 1- 110, 1-109. 1-108. 1-107. 1-106. 1-105, 1- 
104, 2-110, 2-109, 2-108, 2-107, 2 -106, 2-105, 2-104, 

2 0 3 - 11 0, 3-109, 3 -108, 3 -107. 3- 10 6, 3-105, 3- 104, 4-110, 

4- 109, 4-10 8, 4-107, 4-106, 4-105 , 4-104, 5-1 10, 5-109, 

5- 108, 5-107, 5-106. 5-105, 5-104. 6-110 . 6-109, 6-108, 

6- 107. 6-106, 6-10 5, 6 -104, 7-110, 7-1 09, 7-108, 7-107, 

7- 10 6, 7-105, 7-104, 8-110, 8-1 09, 8-108, 8-107, 8-106, 

2 5 S- 105, 8-104, 9-110, 9 -109, 9-103, 9-107, 9-106, 9-105, 

9- 104, 10-110, 10-109, 10 -10 8, 10-107, 1 0-106, 10-105, 

10- 104, 11-110, 11-109, 11-108, 1 1-107, 11-106, 11-105, 

11- 104, 12-110, 12-109, 12-108, 12-107, 12-1 06, 12-105, 

12- 104, 13-110, 13-109, 13-108, 13-107, 13-106, 13-105, 

3 0 13 -1 04, 14 -110 , 14-109, 14 - 103, 14-107, 14-106, 14-105, 

14-104, 15-110, 15-109, 15-10 3 , 15-10 7, 15-106, 15-105, 



- 19- 

lj^i:'4, 16 -11C , 16-1 09, 16- IIS, 1 6-107, 16-106, 16-105, 
16 -104, 17-110, 1 7 - 1 0 9^_r7^08 , 17-107, 17-1 06, 17-105, 
17-104, 18-110, 13-109, 18-10 5, 18-107, 18-106, 18-105, 
or 18 - 104 of SEP ID NO : 2j_ and variants (including 
5 insertion, substitution and deletion variants) thereof— 
las described bel owJ_j__ pro _ y_ided however, that when the 
t r unjc a t e d s TN F E^^lyp^Pt i d e compri ses_ _ amino acicj_ 
r esidues 3-110, 4-110, 5-110 , 6-110, 7-110, 3-110, 9 - 
110, 10-110, 11-110, 12-110, 13-110, 14-110, 15-1 10_^_ 

1 0 16-1 10, 17-110, or 18-110 of SEO ID N O: 2, the 

polypeptide d oes not further comprise amino acj,_d_ 
residues 111-161 of SEO ID NO: 2, or a portion thereof^ 
and optionally further compris in g an amino - terminal 
methionine . The term "truncated sTNFR(s)" also 

1 5 I ncludes one _ or more biologically active synthetic or 

recombinant molecules c o rn p_ri_s i ng amino acid residues 1 - 



122^_ 1-121, 1-12 0, 1-119, 1-118, 1-11 7, 1-116, 2-122, 



2 - 


12 1 




2 - 120 , 


2 


-119, 




11S^_ 


2-117 , 


2 - 116 , 


3 


-122 , 


3 - 


121 , 


3 - 


12 0 




3-119, 


3 


-118, 




117_^_ 


3-116, 


4 - 122 , 


4 


-121 , 


4 - 


120 , 


4 - 


119 




4 -118 , 


4 


-117, 


4 - 


116^ 


5-122, 


5-121 , 


5 


-120 , 


5- 


119, 


5- 


113 




5-117, 


5 


-116, 


6 - 


12 2^ 


6- 121 , 


6- 120 , 


6 


-119, 


6- 


118 , 


6- 


117 




6 -116 , 


7 


-122, 


7- 


12 


7- 120 , 


7- 119 , 


7 


- 118 , 


7 - 


117, 


z- 


116 




8-122, 


8 


-121, 




1 2 0 , 


8-119 , 


8-118, 


8 


-117, 


3- 


116, 




122 




9-121, 


9 


-120, 


9 - 


119 , 


9- 118 , 


9- 117 , 


9 


- 116 , 


10 




12 


2 , 


10 


-121 , 


10 


-120, 


10 


-119 


, 10-118, 10-117 


, 10- 


116 , 


1_1_ 


-12 


2 


11-12 


1, 


11-12 


f; 


11- 


119, 11 


-113, 11 




117, 


11- 


116 , 


12 


-12 




12-12 


1, 


12-12 




12 - 


119, 12 


-118, 12 




117, 


12- 


116, 


13 


-12 




13-12 


1, 


10-12 




13 - 


119 , 13 


-113, 13 




117, 


13 - 


116, 


14 


-12 




14-12 


1, 


14 -12 




14 - 


119, 14 


-113, 14 




117, 


14 - 


116, 


1 5 


-12 




15-12 


1, 


IE -12 




IE - 


119, 15 


-113, 15 




117, 


15 - 


116 , 


16 


-12 




16-12 


1, 


16-12 


0 , 


16 - 


119, 16 


-118, 16 




117, 


16- 


116 , 



17- 


122 , 


17- 


121 , 


17 


*• • - .j. . 


17- 


il9^_ 


17 - 


11&, 


17 


-117, 


17- 


116, 


18- 


12 2^_ 


18- 


121, 


18 


-12_0^_ 


18 - 


119 , 


18- 


118 , 


18 


-117 , 


18- 


lib , 


19- 


122 , 


19- 


121, 


19 


-12 0> , 


19- 


119 , 


19- 


118, 


1 9 


- 117 , 


19- 


116, 


2 0- 


122 , 


2 0 - 


121 , 


2 0 


-12 0, 


2 0 - 


119^_ 


*~i .-■ _ 


118 , 


2 0 


-117 , 


20- 


116, 


2 1- 


122 , 


2 1- 


121 , 




- 1 2 0 , 


2 1- 


HSv 


2 1- 


118 , 


21 


-117 , 


21 - 


116, 


22 - 


122 , 


2 2- 


121, 


22 


-12 0, 


22 - 


119 , 




118 , 




-117 , 


4-. ^ ~ 


116, 


2 3- 


122 , 


2 ^ - 


121, 




- 1 2 0 , 


2 : j - 


119 , 


~r* " 


118 , 


~> 


-117 , 


23 - 


116 , 


24 - 


12 2_^_ 


24 - 


121, 


2 4 


-120, 


24 - 


119_^ 


24 - 


118 , 


24 


-117 , 


24 - 


116 , 


S - 




25 - 


121 , 




-12 0, 




119, 


25- 


118 , 


2 5 


-117 , 


o s - 


116 , 


2 6- 


122 , 


2 6- 


121 , 


2 b 


-12 0, 


2 6- 


119 , 


2 6- 


118 , 


2 6 


-117 , 


26- 


116 , 


27- 


122 , 


27- 


121 , 


27 


-120 , 


27 - 


119 , 


27- 


118 , 


27 


-117, 


27- 


116 , 


2 b- 


122 , 


2 8- 


121, 


2 8 


-12 0 , 


2 8- 


119, 


28- 


118 , 


^. O 


-117, 


28- 


116 , 


2 9- 


12 2_^_ 


29- 


121 , 


29 


-12 0 , 


2 9- 


119^_ 


29- 


118 , 


2 9 


-117, 


29- 


116 , 


30- 


122 , 


30- 


121, 


3 0 


-120 , 


30- 


119 , 


30- 


118 , 


30 


-117, 


30- 


116 , 


31- 


122 , 


31- 


121, 


31 


-12 0, 


31- 


119 , 


31- 


118 , 


31 


-117, 


31- 


116 



of SEP ID NO: 16; and . va riants (.including insertion, 

subs titution and .j ieletion variants) thereof (as__ 
de scribed below) ; provided however , that when the 
truncated __ sTNFR polypeptide compr ises the_amino acid. 



2 0 residues 15-122, 16-1 22, 17-122, 13-122, 19-122, 20- 
122, 21-122, 2 2-122, 2 3-122, 24-122. 25-122, 26-122, 
27-122, 2 3-122, 29-12 2, 30-122, or 3 1-122 of SEP ID NO: 
16, the polypeptide d oes, not further comprise amino 
acid residues 123-17 9 of SE P ID NO: 16, or a portion 

2 5 thereof; and optionally fu r ther compri si ng an a mino- 
terminal met hi onine . 

The term "biologically active" as used herein 
means that a truncated sTNFR demonstrates similar TNF 
inhibiting properties, but not necessarily all of the 

30 same properties and not necessarily to the same degree 
as sTNFR-I and/or sTNFR-II. In general, truncated 



sTNFRs and derivatives therecf have the ability to 
inhibit TNF. Bioassays cf truncated sTNFRs are further 
described in Example II belox. The selection of the 
particular TNF- inhibit in-g properties of interest 
5 depends upon the desired use of a truncated sTNFR. 

In one aspect of the present invention, 
truncated sTNFRs may advantageously be produced via 
recombinant techniques in bacterial, mammalian or 
insect cell systems and may be either a glycosylated or 

10 non-glycosylat ed forms of the protein. Alternatively, 
truncated sTNFRs may be chemically synthesized. 
Currently preferred production methods are described in 
greater detail below. 

Truncated sTNFRs each may typically be 

15 isolated and purified to be substantially free from the 
presence of other protei naceous materials (i.e., non- 
truncated sTNFRs) . Preferably, a truncated sTNFR is 
about 80% free of other proteins which may be present 
due to the production technique used in the manufacture 

20 of the truncated sTNFR. More preferably a truncated 

sTNFR is about 90% free of other proteins, particularly 
preferably about 95% free of other proteins, and most 
preferably about >98% free of other proteins. It will 
be appreciated, however, that the desired protein may 

25 be combined with other active ingredients, chemical 

compositions and/or suitable pharmaceutical formulation 
materials prior to administration, as described in 
further detail below. 

3 0 Truncated sTNFRs 



In one basic e:±od:r:en:, truncated sTNFRs of 
the present invention T.ay be one or more proteins 
rcprcgcntcd — hy — th e — f ol lowing — formula : 

fi^ [ Cy a ^-^yg*^— 

5 wherein — [Cys ^^— -Gy^ 1 ^ ^ — represent s — residues — 1-9 — through 
1^9-3 — e£ — aTNFR I , — the amino acid r es idue numbering scheme 
of which is provided in Figure — 1 — ( GEQ ID NO : 2 ) — ^e— 
facilitate — t h e — comparison; — wherein R 4- repre se nt s — a— 

mcthionylatcd or nonmcthionylatcd amine group of — Cys^— 
10 or of — amino — t e rminus — amino acid residue (s) — selected 
from the — group : — 



— ©= 



N^s^g — 

NNSIC — 


(GEQ 






■ 15 ) 




( GEQ 






■ 17) 


QNNSIC — 


— ( GEQ 








P QNNSIC — 


— ( GEQ 
— (GEQ 








IIPQNNSIC — 


(GEQ 




-NG- 


-2-9-)- 


HiPQNNGIC — 










YIIIPQNNGIC — 


( GEQ 


-£D- 




■ 22 ) 


KY HIPQNNGIC — 


— 1 GEQ 


SrB- 






GKYIIIPQNNGIC — 


— 1 GEQ 








QGKYIIIPQNNGIC — 


— (' GEQ 




-N€h 




PQGKYIIIPQNNGIC — 


( GEQ 




-N€»- 




CPQGKY HIPQNNGIC 


— t GEQ 






-^G4- 


V C P Q G K Y HIP QNN GIG — 


— 1 GEQ 






-2^8-)- 


G V C P Q C K Y I IIP 1 j NN G I C 

DGVCPQG K Y 1 1 1 P Q NN G I C 


' GEQ+- 

( CEQ 






■ 29 ) 



-23 - 

and wherein R g- represents — a — earboxy group of — Cyg 1 '^-^ 
— ea rb o x y — terminal — amino — a e id — residues — selected — from 
the group : 

P 

^ 

F^g 



FNCS — 

FNCGLi 


( GEQ 
(CEQ 








FNCGLC 


(GEQ 








FNCGLCL 


(CEQ 


— FB- 







polypeptides comprising amino aci d residue s 1-110, 1- 
109. 1- 108. 1-1 07, 1-106, 1-105. 1-104. 2- 110, 2-109, 

2- 108, 2-107, 2-106, 2-105, 2-104, 3-110, 3-109, 3 -108, 

3- 107, 3 -10 6, 3-105, 3 -104, 4 -110, 4-109. 4-108. 4-107, 

4- 106, 4-10 5, 4 -104. 5-110, 5-109, 5-108. 5-107, 5-106, 

5- 10 5, 5 -104, 6-110. 6-109, 6-108, 6-107. 6-106, 6-105, 

6- 10 4, 7-110. 7 -109. 7-108. 7-107. 7-106. 7-105. 7-104, 

8- 110, 8-109, 8 -108. 8-10 7, 8-106, 8- 105. 8-104. 9-110, 

9- 109, 9-108, 9-107, 9-106, 9 -105, 9-104, 10-110, 10- 



1 09, 10-108, 10-107. 10-10 6, 10-105, 10-104 , 11-110, 



11 


-10 9, 


11 


^.i ... v.. . 

-108 , 


11 


-10 7, 


11- 


106 , 


11- 


105 , 


11- 


104 , 


12 


-110 , 


12 


-10 5, 


12 


-108 , 


12 


-10 7, 


12 - 


1 0 6 , 


12- 


105 , 


12- 


104 , 


13 


-110 , 


13 


- 1 0 9 j_ 


13 


-108 , 


13 


-10 7, 


13 - 


10 6 , 


13- 


105 , 


13- 


104 , 


14 


-110 , 


14 


- 1 0 9 ± 


14 


-108 , 


14 


-107, 


14 - 


106, 


14 - 


105 , 


14- 


104 , 


15 


-110 , 


15 


-10 9, 


15 


-108 , 


15 


-10 7, 


15- 


106, 


15 - 


105 , 


15- 


104 , 


16 


-110 , 


16 


-10 9, 


16 


- 108 , 


16 


-10 7, 


16- 


106, 


16- 


105 , 


16- 


104 , 


17 


-110 , 


17 


-10 9, 


17 


- 108 , 


17 


-10 7, 


17- 


106, 


17 - 


105 , 


17- 


104 , 


18 


-110 , 


18 


-109, 


18 


-10 8, 


18 


- 107 , 


18 - 


106 , 


18- 


10 5 , 


or 


18-104 


of 



SEP ID NO : 2 ; 



2 4 

and or variants thereof, provided however , when — R^— 
represent 3 — a — me t h i ony latcd — — nonmc t hiony lat cd — a mi n o 
g- roup of amino acid sequence VCPQGKYI HPQNNC I C or an 
N terminal — t rune at ion thereof — er£ — from 1 — t-e — 1-5 — residues , 
5 then R q- — [Cy3 ^ Cy 3 1Q3 -3 — io not — an addition variant 

having the formula R ^ [Cy a^ Cys ^^l — FNCCLCL R ^— 
wherein R 3- rcpro3cnt 3 — a — carboxyl — group — — amino — acid 

sequence Agn 111 Asn 1 ^ 1 of — Figur e — 1 — or a carboxy 

to rmmal — truncation thereof that when t he truncated 

1 0 s,TNF ^Dolvpep-t ide compr ises amin o acid resi dues 3-110, 
4-110. 5-110, 6-110, 7-110, 8-1 1C, 9-1 10, 10-110, 11- 
110, 12-110, 13 -110, 14-110. 15- 110, 16-110, 17-110, or 
13-110 of SEP ID NO: 2, the polypeptide does not 
further comprise amino ac id re sidues 111-161 of SEP ID 

1 5 NO: 2, or a portion thereof . 

In another basic embodiment, truncated sTNFRs 
of the present invention may be one or more proteins 
represented by — the — f ol lowing — formula : — 

R4- [Cys 3 ^ Cya ^^ — R5. 

2 0 wherein — [Cya ^" Cys 11 ^ — represents — residues — Cya ^- 
through Cy3 115 ^j — sTNFR — — the amino acid residue 
numbering — scheme of which 13 provided in Figure — 8 — ( CEQ 
ID NO : 3 5 ) — t-e — facilitate — the comparison; — wherein 
r e pr es ents — a — met hi ony latcd or nonmet hiony latcd — amine 

2 5 g- roup of — Cy3 ^ or of — amino — terminus — amino — acid 
residue ( s ) — selected from the group : — 



AQMC — 


-~^EQ- 






-3-64- 


TAQMC — 


i GEQ 






-33— 


QTAQMC — 


< GEQ 






^-94- 


DQTAQMG — 


( GEQ 








YDQTAQMC — 


(GEQ 




-^G^ 




YYDQTAQMC — 


I GEQ 


-i-B- 






EYYDQTAQMC — 


(GEQ 


-*B- 


-^Gm 




RE YYDQTAQMC — 


(GEQ 


-TD- 


-^€h 


-4-44- 


LRE YYDQTAQMC — 


(GEQ 






-4-54- 


RLRE YYDQTAQMC — 


(GEQ 
( GEQ 




-NG- 


-4hS4- 


CRLREYYDQTAQMC — 




-3rEh 


-NG^ 


-4r44- 


TCRLRE YYDQTAQMC — 


— (GEQ 


-£B- 


-^G- 


-H34- 


G T C RLRE Y YD Q TAQM C — 


— ( GEQ 


-^B- 




+r^4- 


CGTCRLREYYDQTAQMC — 


(GEQ 


-£B- 


-**g- 


-5rQ4- 


PCGTCRLRE Y YD Q TAQM C — 


(GEQ 
(GEQ 


-^B- 


-NG- 


^544" 


E PCS TCRLRE YYDQTAQMC — 




-+B- 


-*JG- 


-524- 


BE PCS TCRLRE YYDQTAQMC — 


— ( GEQ 


-iB- 


-NG- 


-534- 


APE PCS TCRLRE YYDQTAQMC — 


— (GEQ 


— BB- 


-^€h 


-544- 


Y A P E P C G T C R LR E Y YDQ TAQM C — 


(GEQ 
(GEQ 


GEB^ 


-NG- 


■ 55 ) 


PYAPE PCS TCRLRE YYDQTAQMC — 


(GEQ 


-^B- 


-^G- 


-564- 


TPYAPEPCGTCRLREYYDQTAQMC — 




-£B- 


-NG" 


-54H~ 


FT PYAPE PCGTCRLRE YYDQTAQMC — 


(GEQ 




-NG- 


-534- 


AFTPYAPEPCGTCRLRE YYDQTAQMC — 


— ( GEQ 
— ■ GEQ 


-£B- 


-N€^ 


-59+ 


VAFTPYAPEPCGTCRLRE YYDQTAQMC — 




-4E-B- 


-NG- 


^G4- 


QVAFT PYAPE PC GT CRLREYYDQTAQMC — 


— (GEQ 


-^Bh 


-4*G- 




AQVAFT PYAPE PC G TCRLRE YYDQTAQMC — 


— i GEQ 




-NG- 


-6+4- 


PAQVAFTPYAPEPCGTCRLREYYDQTAQMC — 

LPAQ VAFTPYAPEPCGTCRLRE YYDQTAQMC — 


— ■. GEQ 
— '.SEQ 






■ 62) 



and where in — R5. represents — a — carhoy.y group of — Cyg - - ^ or 

— ear boxy — t e rminal — ammo acid — residues — selected — £ rom 
the group : — 



-AvP- 



APL 



APLR — 

— APLRK 


( GEC 
(GEO 




-^2>r 




AFLRKC 


(GEQ 








APLRKCR — 


(GEO 



















121, 1- 


12 0, 1 


-119, 1- 


118 , 1 


-117, 


1 


-116, 




122 , 2 


- 1 


21, 


2-120, 


2-119, 


2 


-118 , 


2 - 


117 , 


2-116 , 


3-122 


t 


3-121 , 


3 


-120, 


3-119, 


3-118 , 


3 


-117, 


3 - 


116 , 


4-122 , 


4-121 , 


4 -12 0 , 


4 


-119. 


4-118, 


4-117 , 


4 


-116, 


5- 


1 2 ^ 


5-121 , 


5-120 


i 


5-119 , 


5 


-118 , 


5-117, 


5- 116 , 


6 


-122 , 


6- 


121, 


6-120 , 


6-119 , 


6-118 , 


6 


-117, 


6- 116 , 


7-122 , 


7 


-121, 


7- 


12 0 , 


7-119, 


7-118 


i 


7-117 , 


7 


-116, 


8- 122 , 


8-121 , 


8 


-120, 


8- 


119 , 


8-118 , 


8-117 , 


8-116 , 


9 


-122, 


9- 121 , 


9-120 , 


9 


-119, 


9- 


1 1 8 , 


9-117 , 


9-116 , 


10-122 


j 


10- 


121, 10 


-120 , 


10 


-119, 


10 


-118 


, 10- 


117, lO- 


116, 11- 


12 


o 


11-121 , 


11-12 


0 , 


11-119 , 


11- 


118 , 


ll 


-117 , 


11 


-116, 


12 


-122 , 


12 -121 , 


12-12 


0 , 


12 -119 , 




118 , 


12 


-117, 


12 


-116, 


13 


-122 , 


13-121, 


13-12 


0 , 


13-119, 


" ~j — 


118 , 


13 


-117, 


13 


-116, 


14 


-122 , 


14-121, 


14-12 


0 , 


14 - 119 , 


14 - 


118 , 


14 


-117, 


14 


-116, 


15 


-122 , 


15-121, 


15-12 


0 , 


15-11 


Q 


15 - 


118 , 


15 


-117, 


15 


-116, 


16 


-122 , 


16-121, 


16-12 


0 , 


16-119 , 


16 - 


118 , 


16 


-117, 


16 


-116, 


17 




17-121, 


17-12 


0 , 


17-11 


G 


17- 


118 , 


17 


-117, 


17 


-116, 


18 




1 S - 1 2 1 , 


13-12 


p 


18-119, 




118, 


18 


-117 , 


1 3 


-116, 


19 


-12 2 , 


1 q _ i 1 


19-12 




19-11 


a 


2 9 ~ 


118 , 


19 


-117 , 


1 9 


-116, 


2 0 






20-12 




-■. -i -i 


a 




118 , 


2 0 


-117, 


L 1 


-116, 


2 1 


-122 , 



10 



15 



20 



- ^ / - 

21- 121, 21-11:, 21-119, 21-115, 21-117, 21-116, 22-122, 

22- 121, 22-22 1', 22-119, 12-216, 22-117, 22-116, 13-122, 

21- 121, 22 -12-:, 23-119. 15- 113, 23-117, 23 -116, 24 -122, 
24-121, 24-122, 24-119, 24-118, 24-117, 24-116, 25-122, 

5 25-121, 25-120, 25-119, 25-11 8, 2 5-117, 2 5-116 , 26-122 , 
2 6-121, 26-12 0, 26-119, 2 6-118, 2 6-117, 26-116, 27-12 _2^ 

27- 121, 27-12 0, 27-119, 27-113, 2 7-117, 27-116 , 28-122, 

28- 121, 23-120, 28-119, 23-118, 28-117, 28-115, 29-122, 

29- 121, 29-110, 29-119, 2 9-118, 29-117, 29-116, 30-122 , 
1 0 20-121, 30-120, 30-119, 30 -113, 20-117, 30-116 , 31-12 2 , 

31-121, 31-120, 31-119, 3 1-118, 31-117, 51-11 6 of SEQ 
ID NO : 16 ; 

an d or variant: 3 thereof , provided however , when R ^~ 
represents — a mcthionyl ated or nonmcthionyl atcd amine 
15 group of amino acid sequence TCRLREYYDQTAQMC or an 

N terminal — truncation thereof of — from 1 — to 15 — residues , 
* hcn — ^Gys^ Cys 115 ^ — R-^ io not an addition variant 

having the formula R 4. [Cys 3 ^ Cya ^ 5 " ] APLRKCR R ^— 
where in R ^ represent 3 — a — carboxyl — group of — amino — acid 

2 0 residues — firo 1 ^ 3 Thr 17 -— e-£ — Figure — 8 — or a carboxy 

terminal — t runeat ion — thereof that when the . truncated 
s TNFR po lypeptide comprises the amino aci d residues 15^ 
122, 16-122, 17-122, 18-1 22, 19-122, 20-1 22, 21-122, 

22- 122, 2 3-122, 24-122, 25-122, 26-122, 27-122, 28-122, 

2 5 29-122, 30-122, or 31-122 of SEP ID NO: 16, the 

EP _ly p_e£tide does ^.ot further comprise amino acid 
resid ues 123-179 of SE Q ID NO: 16 , or a port ion 
thereof . 

Another aspect of the present invention 

3 0 includes one or more variants of R-±- — [ Cys ^ Cy s 1 0 ^ — R^-— 



and R 4- — [Cy g^ Cyg 1 1 ^ — Rzthe truncated s TNFR molecules 
described herein , either met hionyla: ed or 
nonmethionylat ed . The term "truncated sTNFR ( s ) " thus 
includes one or more natural ly- occurring allelic 
5 variants of K4. — (Cy g^ Cy3 ^ — and R 4. — [Cys ^ Cys ^^ — 
^S^Il^_^X^ I l^ 5t:ec ^ sTNFR molecules described herei n / and 
one or more other variant proteins in which amino acids 
have been deleted from ("deletion variants") , inserted 
into ("addition variants"), or substituted for 
10 ("substitution variants") residues within the amino 

acid sequences of R± — [ Cy 3 C y a — R^ and R 4 — [Cyo ^- 
Qy 3 -3r3rS-] — fi^the truncated s TNFR mo lec jles descr ibed. 
herein . 

Amino acid sequence deletions typically range 
15 from about 20 amino acid residues, more typically from 
about 1 to 10 residues, and most typically from about 
1 to 5 residues, so as not to disrupt protein folding. 
N-terminal, C-terminal and internal i nt rasequence 
deletions are contemplated. The number of total 
20 deletions and/or consecutive deletions will be selected 
so as to preserve the tertiary structure of the protein 
in the affected domain, e.g., cysteine cross 1 inking . 

Deletions within the— R-3- — [Cyg ^ Cyg 1Q ^l — R^- 
amino acid sequence and within — the R 4. — [Cys ^ r2r Cys 11 -'-] — &$■ 
2 5 amino acid sequence of the tr uncated sTNFR molecules 

des cribed he re in may be made in regions of low homology 
with the sequences of ether members of the NGF/TNF 
receptor family in the group of cell surface membrane 

proteins. Deletions within the— R^- — [Cy g^ Cy3 1Q ^ — R2- 



ammo acid sequence and within — e-he — R4 — [Cy3 ^ Cyg — ^ — R^ 
amino — acid — sequence of the trun cated sTNFR molecules 
described here m may be made m areas of subs tan t lal 
homology with the sequences cf other members of the 
5 NGF/TNF receptor f ami ly and will be more 1 ike ly to 
significantly modify the biological activity. 
Specifically, the sequence similarity among NGF/TNF 
receptor family members is particularly high in the 
region corresponding to the first two disulfide loops 

10 of domain 1, the whole of do-main 2, and the first 

disulfide loop of domain 3 (Banner et al . (1993), Cell, 
7_3 : 4 3 1 -44 5 ) . For example, two exemplary deletion 
variants of ICv a^ Cva ^^^ the truncated S TNFR- 1 
mole cules de s_cp r ibed_ Ja e_re in a re sTNFR - I - R^-— 

IB [Cya ^-i Thr 20 ) Cyo ^^— R^ and sTNFR - 1 ~R± [Cya ^-f Cys 19 - 
Lya ^ 7 -) — Gy-e 1 0 -'1 — R2~, — wherein R -3- and R -g. arc — era — defined 
above . For example, three exemplary deletion variants 
o f^H [Cy3 ^ C ys ^j — R^ the truncated sTNFR-II 
mol ecules described herein are sTNFR- 1 1 — [Cyg ^— 

2 0 4 Cys 115 heye^^4— sTNF R - 1 1 -iU. fCya ^4 Cys 115 - 

Lys 115 ^ — Gys^"^ — R^ and sTNFR - Il-R^ [Cys ^— f Cys 115 - 
A r g 1 1 3 ) Cy3 ^"^l — — wherein R 3- and R g- arc Q3 defined 
above . 

Amino acid sequence additions may include 
25 amino- and/or carboxyl - t e rmi nal fusions ranging in 
length from one residue to one hundred or more 
residues, as well as internal int rasequence insertions 
of single or multiple amino acid residues. Internal 
additions may range typically from about 1 to 10 amino 



acid residues, more typical ly f tot, about 1 to 5 amino 
acid residues and most typically from about 1 to 3 
amino acid residues . 

Amine - terminus addition variants include the 
5 addition of a methionine (for example, as an artifact 
of the direct expression of the protein in bacterial 
recombinant cell culture' or an additional amino acid 
residue or sequence. A further example of an amino- 
termmal insertion includes the fusion of a signal 

10 sequence, as well as or with other pre-pro sequences, 

to facilitate the secretion of protein from recombinant 
host cells. For prokaryotic host cells that do not 
recognize and process the native sTNFR-I or sTNFR-II 
signal sequences, the signal sequence may be 

15 substituted by a prokaryotic signal sequence selected, 
for example, from the group of the alkaline 
phosphatase, penicillinase or heat-stable enterotoxin 
II leaders. For yeast cells, the signal sequence may 
be selected, for example, from the group of the yeast 

20 invertase, alpha factor or acid phosphatase leader 
sequences. In mammalian cell expression the native 
signal sequences of sTNFR-I or of sTNFR-II (EP 393 438 
and EP 422 339) are satisfactory, although other 
mammalian signal sequences may be suitable (e.g., 

25 sequences derived from other NGF/TNF receptor family 
members ) . 

Carboxy- terminus addition variants do not 
involve the addition of one or more amino acid residues 
that would result in the reconstruction of the sTNFR-I 
30 or of sTNFR-II, respectively. It will be appreciated 
that a carboxy- terminus addition variant will not 



include the a da i 1 1 o :o c f cne o r rare carbc xy acid 
residues chat: would result; in the reconstruction of the 
tnird domain or fourth domain of sTNFR-I or sTNFR -II. 
An example of carooxy- terminus addition variants 
5 includes chimeric proteins ccmprising the fusion of 

R4_ — [ Cy a^ Cys ^^ — Ra or R 4. — [Cys ^ Cy3 ^^ — R^a truncated 
sTNF R^c^j^cujLe, des cribed herein with all or part of a 
constant domain of a heavy or light chain of human 
immunoglobulin. Such chimeric proteins are preferred 

10 wherein the immunoglobulin portion of each comprises 
all domains except the first domain of the constant 
region of the heavy chain of human immunoglobulin, such 
as IgG, IgA, IgM or IgF, especially IgG, e.g., IgGl or 
IgG3 . A skilled artisan will appreciate that any amino 

15 acid of each immunoglobulin portion can be deleted or 
substituted with one or mere amino acids, or one or 
mo-re amino acids can be added as long as the TNF 
binding portion still binds TNF and the immunoglobulin 
portion shows one or more of its characteristic 

20 properties . 

Another group of variants are amino acid 
substitution variants. These variants each have at 
least one amino acid residue in &± — [ Cya ^ Cy g ^ 6 ^! — Rg- or 
R4 — [Cya ^ Cys ^ — R^ a truncated s TNFR molecule 

2 5 devour ibed__he re in removed and a different residue 

inserted in its place. Substitution variants include 
allelic variants, which are characterized by 
naturally-occurring nucleotide sequence changes in the 
species population that may or may not result in an 

30 amino acid change. One skilled in the art can use any 
i n f o r ma tion kn ov;n about the bmdi ng or a c 1 1 ve site of 



the polypeptide in the selection of possible mutation 
sites . 

One method for identifying amino acid 
residues or regions for mutagenesis of a protein is 
5 called "alanine scanning mutagenesis" (Cunningham and 

Wells (1939), Science, 2 4 4 : 10 3 1-10 8 5, the disclosure of 
which is hereby incorporated by reference"! . in this 
method, an ammo acid residue or group of target 
residues of a protein is identified (e.g., charged 

10 residues such as Arg, Asp, His, Lys and Glu) and 

replaced by a neutral or negat lve ly- charged amino acid 
(most preferably alanine or polyalanine) to effect the 
interaction of the amino acids with the surrounding 
aqueous environment in or outside the cell. Those 

15 residues demonstrating functional sensitivity to the 
substitutions are then refined by introducing 
additional or alternate residues at the sites of 
substitution. Thus, the site for introducing an amino 
acid sequence modification is predetermined and, to 

20 optimize the performance of a mutation at a given site, 
alanine scanning or random mutagenesis may be conducted 
and the resulting variant polypeptide screened for the 
optimal combination of desired activity and degree of 
activity . 

25 Sites of interest for substitutional 

mutagenesis include sites where the amino acids found 

l n~R± [Cyo ^ Oyj ^l-^^ or R 4 [Cys 3 ^ Cy s^ 4 ^!— &$ == ^h^ = 
truncated sT NFR molecu les described h erein are 
substantially different in terms of side-chain bulk, 
3 0 charge and/ or hydr ophobi c i t y from sTNFR - 1 i ke proteins 



such as sTNFRs cf other various species or of ether 
rr.err.bers of the NGF/TNF receptor family. 

Other sites cf interest include those in 
which particular residues are similar or identical with 
5 those of such sTNFR-I-like proteins and sTNFR- 1 1 - 1 ike 
proteins. Such positions are generally important for 
the biological activity of a protein. For example, a 
skilled artisan would have understood that prior to the 
present invention, the effects of truncating sTNFR-I 

10 and sTNFR-Il on the their respective three-dimensional 
structures would not have been predictable. However, 
given the results disclosed herein, a skilled artisan 
would appreciate the first principles of developing a 
strategy for making variants could rely in part on the 

15 information previously elucidated for the full length 
sTNFR-I and sTNFR-II . Accordingly, the following 
information has been elucidated concerning sTNFR-I 
(Banner et al . (1993), supra, and Fu et al . (1995), 
Protein Engineering, 8(12 ):1233-1241). Residues Tyr 9 , 

20 Thr 2? , His 5 " in Domain 1, residues Phe"% Ser" 3 , Asp" in 
Domain 2 and residues Tyr' 2 and Ser : ~ in Domain 3 have 
been identified as being potentially important for the 
stabilization of the structure of Domains 1, 2 and 3, 
respectively. Residues Pro"" and His'""'' have been 

25 identified as potentially interacting with Ser"'-Tyr r 
on subunit C of TNFa. Residues Glu" = -Phe"' have been 
identified as being in a loop which potentially 
interacts with residues Leu'~-Arg'" of TNFa subunit A. 
Residues Gly"* T has been identified as potentially 

30 interacting with Asn""-Pro" on subunit A of TNFa. . 

Residue His" r -Leu'" have been identified as being in an 



extended strand rente rmat ion and side chain 
interactions with residues Arg"-Ala :; on subumt A of 
TNFa have been potentially identified with residue 
Kis' : of sTNFR-I specifically interacting with residue 
5 Arg :: . Residues Lys'^-Arg" have been identified as 

being in an extended strand conformation and have been 
identified as having side chain and main chain 
interactions with residues Ala^'-Glu 1 ^ and residue Glu^ T 
en subumt A of TNFa. Residue Met' " has been 
10 identified as potentially interacting with residue 

Tyr" :ii on subunit A of TNFa. Residues His"-Phe~ " have 
been identified as forming a loop which interacts with 
residues Thr Z -Leu 5 and Asn 1 "' 7 of subunit C of TNFa, 

with residue Trp of sTNFR-I specifically interacting 
15 with residues Ser~ : -Thr~ z on subunit C of TNFa, Leu 1 " of 
sTNFR- I being in close proximity with residue Asn^" on 
subunit C of TNFa and residue Gln ::z of sTNFR-I 
specifically interacting with residue Pro ilJ on subunit 
A of TNFa. Accordingly, a skilled artisan would 
20 appreciate that initially these sites should be 

modified by substitution in a relatively conservative 
manne r . 

Such conservative substitutions are shown in 
Table 1 under the heading of "Preferred Substitutions". 
25 If such substitutions result in a change in biological 
activity, then more substantial changes (Exemplary 
Substitutions) may be introduced and/or other 
additions/deletions may be made and the resulting 
products screened . 
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In making such changes of an equivalent 
5 nature, the hydropathic index of amino acids may be 
considered. Each amino acid has been assigned a 
hydropathic index on the basis of their hydrophobicity 
and charge characteristics, these are: isoleucine 
(+4.5); valine (+4.2); leucine (+3.8); phenylalanine 
10 (+2.8) ; cysteine/cystine ( + 2.5) ; methionine ( + 1.9) ; 
alanine (+1.8) ; glycine (-0.4) ; threonine (-0.7) ; 



serine , -0.8) ; tryprcphar. ,-0.9/ ; tyrosine ',-1.3) ; 
prcl :ne .-1.6 ; hi s t i dine \ - 3 . 2 ) ; gluiair.ate (-3.5) ; 
glutamine (-3.5); aspartate (-3.5); asparagme (-3.5); 
lysine ( - 3 . 9 > ; and argmme (-4.5' . 
5 The importance of the hydropathic amino acid 

index in conferring interactive biological function on 
a protein is generally understood in the art (Kyte and 
Doolittle (1982), J. Mol . Biol., 157 : 105-131, the 
disclosure of which are incorporated herein by 

10 reference) . It is known that certain amino acids may 
be substituted for ether amino acids having a similar 
hydropathic index or score and still retain a similar 
biological activity. In making changes based upon the 
hydropathic index, the substitution of amino acids 

15 whose hydropathic indices are within ±2 is preferred, 
those which are within ±1 are particularly preferred, 
and those within ±0.5 are even more particularly 
pre f erred . 

It is also understood in the art that the 
2 0 substitution of like amino acids can be made 
effectively on the basis of hydrophilicity , 
particularly where the biological functional equivalent 
protein or peptide thereby created is intended for use 
in immunological embodiments, as in the present case. 
25 U.S. Patent 4,554,101, the disclosure of 

which are incorporated herein by reference, states that 
the greatest local average hydrophilicity of a protein, 
as governed by the hydrophilicity of its adjacent amino 
acids, correlates with its immunogenic lty and 
30 antigenicity, i.e. with a biological property of the 
protein . 



As detailed in U.S. Patent 4,554,101, tne 
following hy drophi 1 i o i t y values have been assigned to 
amino acid residues: argmme (^3.0; ; lysine ( + 3.0) ; 
aspartate (+3.0 ± 15; glutamate (+3.0 ± 1 ■ ; serine 
( + 0.3); asparagme (+0.2* ; glutamme ( + 0.2); glycine 
(0) ; threonine ( - C .4) ; proline (-0.5 ± 1) ; alanine 
{-C.z); histidme (-0.5); cysteine (-1.0); methionine 
(-1.31; valine (-1.5); leucine (-1.3); isoleucine 
(-1.6); tyro-sine i-2.2>; phenylalanine (-2.5); 
tryptophan (-3.4) . 

In making changes based upon similar 
hydrophi 1 ic i ty values, the substitution of ammo acids 
whose hydrophi 1 lcity values are within ±2 is preferred, 
those which are within ±1 are particularly preferred, 
and those within ±0.5 are even more particularly 
pre f erred . 

U.S. Patent 4,554,101 also teaches the 
identification and preparation of epitopes from primary 
amino- acid sequences on the basis of hydrophi 1 icity . 
Through the methods disclosed in U.S. Patent 4,554,101 
one of skill in the art would be able to identify 
epitopes from within an amino acid sequence such as the 
sTNFRs sequences disclosed herein. These regions are 
also referred to as "epitopic core regions". 

Numerous scientific publications have been 
devoted to the prediction of secondary structure, and 
to the identification of epitopes, from analyses of 
amino acid sequences , Ohou and Fasman (1974), 
Biochemistry, 13 (2 ) :212-245; Ohou and Fasman, 
Biochemistry, 113 ( 2 ) : 1 1 1 - 2 2 2 ; Chou and Fasman (1973), 
Ad\ r . Enzymol , Relat. Areas Mol . Biol., 47: 45-148; Chou 



and Fasman, Ann. Re\ r . Biochem. , ^7:251-276 and Chou and 
Fasman (1979), Bizphys. J. f 26:367 -1-84, the disclosures 
of which are incorporated herein by reference) . 
Moreover, computer programs are currently available to 
5 assist with predicting antigenio portions and epitopic 
core regions of proteins. Examples include those 
programs based upon the Jameson- Wed f analysis (Jameson 
ana Wolf (199-5), Comput . Appl . Biosci . , 4 (1) : 1 81-18 6 
and Wed f et al . (1 983) , Comput. Appl. Biosci . , 

10 ^LLLL : 1 £ 7 " 1 5 1 , the disclosures of which are incorporated 
herein by reference), the program PepPlot" (Brutlag et 
al . (1990) CABS , 6 :237-245 and Weinberger et al . 
(1 985), Science, 2^28:740 -742, the disclosures of which 
are incorporated herein by reference) , and other new 

15 programs for protein tertiary structure prediction 

(Fetrow and Bryant (1993), BIOTECHNOLOGY, 11 :479-483 , 
the disclosure o-f which are incorporated herein by 
reference) . 

Conservative modifications to the amino acid 
20 sequences (and the corresponding modifications to the 

encoding nucleic acid sequences) of &± — [Cyo ^ Cyo ^-] — 
R^ or R 4. — [Cya ^^ys 1 1 ~d — Rr tjie_^un c a ted s TNF gLj mo 1 e c u 1 e s 
descri bed herei n are expected to produce proteins 
having similar functional and chemical characteristics 
2 5 to the modified protein. 

In contrast, substantial modifications in the 
functional and/or chemical characteristics of 

R-3- — [Cys ^ Cya 103 -} — R^ or R 4. — [Cyg ^ Cyg 11 ^ — Riyt he 
truncated sTNFR molecules described herein may b e 
30 accomplished by selecting substitutions that differ 
significantly m their effeot on maintaining (a) the 



s:ructure of ihe polypeptide backbone in :he area cf 
the substitution, for example, as a sheet or helical 
conformation, (b) the charge or hydrophobi ci ty of the 
protein at the target site or (c) the bulk of the side 
5 chain. Nat ura 1 ly- o rcurr mg residues are divided into 
groups based on common side chain properties: 

1) hydrophobic: norleucine, Met, Ala, Val , Leu, 
lie; 

2) neutral hydrophilic: Cys , Ser, Thr ; 
10 3) acidic: Asp, Glu; 

4) basic: Asn, Gin, His, Lys , Arg ; 

5) residues that influence chain orientation: Gly, 
Pro; and 

6) aromatic: Trp, Tyr , Phe . 

15 Non-conservative substitutions may involve 

the exchange of a member of one of these groups for 
another. Such substituted residues may be introduced 

into regions of R4- — [Cys ^ Cys ^ — Rg. or R 4- — [Cyo ^- 
P y S 115^ — Rj^ the tr un cated sTN FR molecu les de sc_r i_bed_ 
2 0 h ere in that, are homologous or non-homologous with other 
NGF/TNF receptor family members. 

Specific mutations of the sequences of 

R-3- [Cyo ^ Cy3 4 ^ — ^ or R 4 [Cya ^ Cyg ^^ — R^ the 
.truncated sTN FR_mcl _ecules d esc ribed her ein may i nvo 1 ve 
2 5 substitution of a non-native amino acid at the 

N- terminus , C- terminus or at any site of the protein 
that is modified by the addition of an N- linked or 
O- linked carbohydrate. Such modifications may be of 
particular utility, such as in the addition of an amino 
30 acid (e.g., cysteine), which is advantageous for the 

oiymer to form a 



derivative, as described below. See, fcr example, 
Figure 5 wherein natur al ly - c ccurnrig Asn lu ~ of the 
sTNFR-I is changed to Zys tc facilitate the attachment 
of a polyethylene glycol molecule (Example I) . 
5 Further, the sequences of R^- — [ C y 3 ^ C y 3 ^0"^ — 

R-2- or R 4- — [Cys ^-^ye^- ^ — R-^o hit truncated _s TNFR mo lecules 
described he rein may be modified to add glycosyl at ion 
sites or to delete N- linked or 0-1 inked glycosylat ion 
sites. An asparag me - 1 inked glycosylat ion recognition 

10 site comprises a tripeptide sequence which is 

specifically recognized by appropriate cellular 
glycosylat ion enzymes. These tripeptide sequences are 
either Asn-Xaa-Thr or Asn-Xaa-Ser, where Xaa can be any 
amino acid other than Pro. Proven or predicted 

15 asparagine residues of sTNFR- I exist at positions 14, 
ICS and 111. Proven or predicted asparagine residues 
of sTNFR-II exist at positions 149 and 171. A variety 
of amino acid substitutions or deletions may be made to 
modify or add N- linked or 0- linked glycosylat ion sites, 

20 resulting in a protein with altered glycosylat ion . 

In a specific embodiment, the variants are 
substantially homologous to the amino acid sequences of 
fi-3-— [Cyo ^ — R-2 or R 4— (■Gyg'^' Cyo ^^l — R^ the _ 
truncated sTNFR molecules described herein. The term 

2 5 "substantially homologous" as used here in means a 

degree of homology that is preferably in excess of 70%, 
more preferably in excess of 30%, even more preferably 
in excess of 90% or most preferably even 95%. The 
percentage of homology as described herein is 

30 calculated as the percentage of amino acid residues 

found in the smaller of the t wo s e qu e n c e s wh i c h align 



with identical amine acid residues in the s e qu ence 
being compared when four gars in a length of 100 amino 
acids may be introduced tc assist in that alignment, as 
set forth by Dayhoff (1972), in Atlas of Protein 
5 Sequence and Structure, 5:124, National Biochemical 

Research Foundation, Washington, D.C., the disclosure 
of which is hereby incorporated by reference. Also 
included as substantially homologous are truncated 
sTNFRs which may be isolated by virtue of 

10 cross - react ivi ty with antibodies tc- the amino acid 
sequences of SEQ ID NO : 2 and SEQ ID NO : 3-^1 6 , 
respectively, or whose genes may be isolated through 
hybridization with the DNA of SEQ ID NO : 1 or SEQ ID 
NO : 3-42 8 or with segments thereof. 

15 Exemplary sTNFRs of the present invention 

include the following molecules: N¥r^— 

MDSVC PQG K Y HID QNNC I C h^ye 1 ^ Cy3 ^ — PC CQQII — (also 

referred to qo sTNFR-I 2.6D/C105>; NH^.- 

MDSVCPQGKYIHPQNNSIC — [Cyo ^ Cys ^^l — FNCCL COOII — (al30 
20 r e ferred to Q3 sTNFR- I 2 . 6D/C1 06-)-; NH^- 

MDSVCPQOKYIIIPQNNS IC — [ C y o Cye^ 3 ^ — FN COQH — (also 
referred to ao sTNFR-I 2 . 6D/N1 0 5-)-; NH^ MYIHPQNNGIC 

[Cy3 ' B C yg ^^ — FNCJL COOH — ( also referred to as sTNFR-I 

1 . 3 D / d 8 -h ; NH^-^i — [^ye 1 ^ Cyo ^ — PNCCL COOII — (also 

25 referred to ao sTNFR-I 2.3D/dl8>; and NH^- MGIG — t^ye^- 

eys^^^ — FNCGL COOH — (also referred to ao sTNFR-I 
2.3D/dl5-K either methionylated or nonmethionylated, 
and variants and derivatives thereof. 

The production of variant truncated sTNFRs is 
30 described in further detail below. Such variants may 



be prepared by introducing appropriate nucleotide 
changes into the I:NA encoding the truncated sTNFRs or 
by in vitro chemical synthesis of the desired truncated 
sTNFRs . It will be appreciated by those skilled m the 
5 art that many comrinations of deletions, insertions and 
substitutions can be made, provided that the final 
truncated sTKFRs are biologically active. 

Mutagenesis techniques for the replacement, 
insertion or deletion of one or more selected amino 

10 acid residues are well known to one skilled in the art 
(e.g., U.S. Pat. No-. 4,513,534, the disclosure of 
which is hereby incorporated by reference) . There are 
two principal variables in the construction of each 
amino acid sequence variant, the location of the 

15 mutation site and the nature of the mutation. In 

designing each variant, the location c>f each mutation 
site and the nature of the mutation will depend on the 
biochemical characteristic (s) to be modified. Each 
mutation site can be modified individually or in 

20 series, e.g., by (1) substituting first with 

conservative amino acid choices and then with more 
radical selections, depending upon the results 
achieved, ( 2 ■■ deleting the target amino acid residue or 
( 3 ) inserting amino acid residues adjacent to the 

25 located site. 

Chemically modified derivatives of truncated 
sTNFRs may be prepared by one skilled in the art, given 
the disclosures herein. Conjugates may be prepared 
using glycosylated , nor. - glycosylated or de - glycosylated 

30 truncated sTNFRs. Typically, non-gly c osylated 

truncated sTNFRs will be used. Suitable chemical 



moieties for derivatization of truncated sTNFRs include 
water soluble polymers. 

Water soluble pclyxers are desirable because 
the prcteir. to which each is attached will not 
5 precipitate in an aqueous environment, such as a 

physiol ogical environment. Preferably, the polymer 
will be pharmaceut i rally acceptable for the preparation 
of a cherapeut i r product c>r composition. One skilled 
m the art will be able to select the desired polymer 

10 based on such considerations as whether the 

polymer/protein conjugate will be used therapeutically 
and, if so, the desired dosage, circulation time and 
resistance to proteolysis. 

Suitable, clinically acceptable, water 

15 soluble polymers include, but are not limited to, 
polyethylene glycol (PEG), polyethylene glycol 
propionaldehyde , copolymers of ethylene 
glycol /propylene glycol , monomethoxy- polyethylene 
glycol , carboxymethylcellulose , dextran, polyvinyl 

20 alcohol (PVA), polyvinyl pyrrolidone, poly-1, 

3 -dioxolane, poly- 1,3,6 -tnoxane, ethyl ene/maleic 
anhydride copolymer, poly (0- amino acids) (either 
homopolymers or random copolymers) , poly (n- vinyl 
pyrrol idone) polyethylene glycol, propropylene glycol 

25 homopolymers (PPG) and other polyakylene oxides, 
polypropylene oxide/ ethylene oxide copolymers , 
polyoxyethylated polyols iPOG) (e.g., glycerol) and 
other polyoxye t hyl ated polyol s , polyoxyethylated 
sorbitol, or polyoxyethylated glucose, colonic acids 

3 0 or other carbohydrate polymers, Ficoll or dextran and 
mixtures thereof . 



As used herein, polyethylene glycol is meant 
to encompass any of the forms that have been used to 
derivatize ether proteins, such as monc- (CI-CIO) 
alkcxy- or aryloxy-p olyethylene glycol . Polyethylene 
5 glycol pro p i ona Idehyde may have advantages in 
manufacturing due to its stability in water. 

The water soluble polymers each may be of any 
molecular weight and may be branched or unbranched. 
The water soluble polymers each typically have an 

10 average molecular weight of between about 2kDa to about 
lOOkDa (the term "about " indicating that in 
preparations of a water soluble polymer, some molecules 
will weigh more, some less, than the stated molecular 
weight) . The average molecular weight of each water 

15 soluble polymer preferably is between about 5kDa and 
about 5CkDa, more preferably between about 12kDa and 
about 4CkDa and most preferably between about 2 0kDa and 
about 3 SkDa . 

Generally, the higher the molecular weight or 

2 0 the more branches, the higher the polymer : prote in 
ratio. Other sizes may be used, depending on the 
desired therapeutic profile (e.g., the duration of 
sustained release; the effects, if any, on biological 
activity; the ease in handling; the degree or lack of 

25 antigenicity and other known effects of a water soluble 
polymer on a therapeutic protein) . 

The water soluble polymers each should be 
attached to the protein with consideration of effects 
on functional o>r antigenic domains of the protein. In 

30 general, chemical de r l vat i. za t i on may be performed under 
any suitable condition used to react a protein with an 



activated polymer molecule. Activating groups which 
can be used to link the water soluble polymer to one or 
more proteins include the following: sulfcne, 
maleimide, sulfhydryl, thiol, tnflate, tresylate, 
5 azidirme, cxirane and 5-pyndyl. 

The water soluble polymers each are generally 
attached to the protein at the a- or s-amino groups of 
amino acids or a reactive thiol group, but it is also 
contemplated that a water soluble group could be 

10 attached to any reactive group of the protein which is 
sufficiently reactive to become attached to a water 
soluble group under suitable reaction conditions. 
Thus, a water soluble polymer may be covalently bound 
to a protein via a reactive group, such as a free amino 

15 or carboxyl group. The amino acid residues having a 
free amino group may include lysine residues and the 
N-terminal amino acid residue. Those having a free 
carboxyl group may include aspartic acid residues, 
glutamic acid residues and the C-terminal amino acid 

2 0 residue. Those having a reactive thiol group include 
cysteine res idues . 

Methods for preparing proteins conjugated 
with water soluble polymers will each generally 
comprise the steps of (a) reacting a protein with a 

25 water soluble polymer under conditions whereby the 

protein becomes attached to one or more water soluble 
polymers and (b) obtaining the reaction product. 
Reaction conditions for each conjugation may be 
selected from any C'f those known in the art or those 

30 subsequently developed, but should be selected to avoid 
or limit exposure to reaction conditions such as 



temperatures, solvents atd pH levels that would 
inactivate the protein to be modified. In general, the 
optimal reaction conditions for the reactions will be 
determined :ase-ty-:ase based on known parameters and 
5 the desired result. For example, the larger the ratio 
of water soluble p o lymer : prote in conjugate, the greater 
the percentage of conjugate! product . The optimum 
ratio (in terms c-f efficiency of reaction in that there 
is no excess unreacted protein or polymer) may be 

10 determined by factors such as the desired degree of 
derivatizat ion (e.g., mono-, di - , tri-, etc.), the 
molecular weight of the polymer selected, whether the 
polymer is branched or unbranched and the reaction 
conditions used. The ratio of water soluble polymer 

15 (e.g., PEG) to protein will generally range from 1:1 to 
100:1. One or more purified conjugates may be prepared 
from each mixture by standard purification techniques, 
including among others, dialysis, salting-out, 
ul traf iltrat ion, ion-exchange chromatography, gel 

20 filtration chromatography and electrophoresis. 

One may specifically desire an N-terminal 
chemically modified protein. One may select a water 
soluble polymer by molecular weight, branching, etc., 
the proportion of water soluble polymers to protein 

25 (or peptide) molecules in the reaction mix, the type of 
reaction to be performed, and the method of obtaining 
the selected N-terminal chemically modified protein. 
The method of obtaining the N-terminal chemically 
modified protein preparation (i.e., separating this 

30 moiety from other monoder i vat i zed moieties if 

necessary) may be by purification of the N-terminal 



chemically modified prccem material from a population 
o f c he m i c a 1 1 y mc d i f i e d protein to lecules. Selective 
X- terminal chemical modification may be accomplished by 
reductive alkylation which exploits differential 
5 reactivity of different types of primary amino groups 
(lysine versus the N-termmal) available for 
derivatizat ion in a particular protein. Under the 
appropri ate rea :t ion condi t ions , substant ial ly 
selective derivatizat ion of the protein at the N - 

10 terminus with a carbcnyl group containing polymer is 
achieved. For example, one may selectively attach a 
water soluble polymer to the N- terminus of the protein 
by performing the reaction at a pH which allows one to 
take advantage of the pKa differences between the c- 

15 amino group of the lysine residues and that of the ex- 
amine- group of the N- terminal residue of the protein. 
By such selective derivatizat ion, attachment of a water 
soluble polymer to a protein is controlled: the 
conjugation with the polymer takes place predominantly 

20 at the N-terminus of the protein and no significant 
modification of other reactive groups, such as the 
lysine side chain ammo groups, occurs. Using 
reductive alkylation, the water soluble polymer may be 
of the type described above and should have a single 

2 5 reactive aldehyde for coupling to the protein. 

Polyethylene glycol propi onaldehyde , containing a 
single reactive aldehyde, may be used. 

The present invention specifically 
contemplates the chemically derivatized protein to 

30 include mono- or poly- (e.g., 2-4) PEG moieties. 

Pegylat i on may be carried cut by any of the pegylation 



reactions known in the art. Methods for preparing a 
cegvlated protein product will generally comprise the 
steps of (a) reaot mg a protein p redact with 
£ ol '/ethylene giy to 1 such as a reactive ester or 
5 a ldehyde derivat ive c f PEG ) under renditions whereby 

the protein becomes attached to one or more PEG groups 
and i b) obtaining the reaction product (s) . In general , 
the opt imal react ion conditions for the react ions will 
be determined case - by- case based on known parameters 

1 0 and t he desi red result . 

There are a number of at tachment methods 
available to those skilled in the art. See, for 
example, EP 0 4C1 3 84, the disclosure of which is 
hereby incorporated by reference; see also, Malik et 

15 al. (1992), Exp . Hematol . , 2 0 :1028-1035; Francis 

(1992), Focus on Growth Factors, 3(2) :4-10, (published 
by Medisc ript , Mountain Court , Friern Barnet Lane , 
London N2 0 OLD , UK); EP C 154 316; EP 0 401 384; 
WO 92/16221; WO 95/34326; and the other publications 

2 0 cited herein that relate to pegylat ion, the disclosures 
C'f which are hereby incorporated by reference. 

The pegylat ion speci f ical ly may be carried 
out via an acylatien reaction or an alkylation reaction 
with a reactive polyethylene glycol molecule. Thus, 

25 protein products according to the present invention 

include pegylated proteins wherein the PEG group (s) is 
(are) attached via acyl or alkyl groups. Such products 
may be mene-pegylated or poly-pegyl ated (e.g. , 
containing 2-6, and preferably 2-5, PEG groups) . The 

30 PEG groups are generally attached to the protein at the 
a- or c- amine* groups of amino acids , but it is also 



contemplated that the PEG groups could be attached to 
any amino group attached to the protein which is 
sufficiently reactive to become attached to a PEG group 
under suitable reaction conditions. 
5 Pegylation by acylation generally involves 

reacting an active ester derivative of polyethylene 
glycol (PEG) with the protein. For the deviation 
reactions, the polymer fs) selected should have a single 
reactive ester group. Any known c-r subsequently 

10 discovered reactive PEG molecule may be used to carry 

out the pegylation reaction. A preferred activated PEG 
ester is PEG esterified to N - hydroxy sue c i n i mi de (NHS) . 
As used herein, "acylation" is contemplated to include, 
without limitation, the following types of linkages 

15 between the therapeutic protein and a water soluble 

polymer such as PEG: amide, carbamate, urethane, and 
the like (see Chamow (1994), Bioconjugate Chem . , 
5(2) : 1 3 3 - 1 4 0 , the disclosure of which are incorporated 
herein by reference) . Reaction conditions may be 

2 0 selected from any of those known in the pegylation art 
or those subsequently developed, but should avoid 
conditions such as temperature, solvent and pH that 
would inactivate the protein to be modified. 

Pegylation by acylation will generally result 

25 in a poly - pegyl a t ed protein. Preferably, the 

connecting linkage will be an amide. Also preferably, 
the resulting product will be substantially only (e.g., 
> 95%) mono, di- or tr l -pegylated . However, some 
species with higher degrees of pegylation may be formed 

30 in amounts depending on the specific reaction 

conditions used. If desired, more purified pegylated 



species may be separated from the mixture (particularly 
ur.reacted species' by standard purification techniques, 
including among others, dialysis, salting-cut, 
ultra filt rat ion, i on- exchange chromatography, gel 
5 filtration chromatography and electrophoresis. 

Pegylat ion by alkylation generally involves 
reacting a terminal aldehyde derivative of PEG with the 
protein in the presence of a reducing agent . For the 
reductive alkylation reaction, the polymer (s) selected 

10 should have a single reactive aldehyde group. An 

exemplary reactive PEG aldehyde is polyethylene glycol 
propionaldehyde, which is water stable, or mono CI -CIO 
alkoxy or aryloxy derivatives thereof (see, U.S. Patent 
5,252,714, the disclosure of which are incorporated 

15 herein by reference) . 

Pegylation by alkylation can also result in 
poly-pegylated protein. In addition, one can 
manipulate the reaction conditions to substantially 
favor pegylation only at the a-ammo group of the 

20 N- terminus of the protein (i.e., a mo-no -pegylat ed 
protein) . In either case of monopegyl at ion or 
polypegy lat ion , the PEG groups are preferably attached 
to the protein via a -CH2-^H- group . With particular 
reference to the - CH2 - group, this type of linkage is 

25 referred to herein as an "alkyl" linkage. 

Reductive alkylation to- produce a 
substantially homogeneous population of mono -polymer/ 
protein product will generally comprise the steps of: 
(a) reacting a protein with a reactive PEG molecule 

30 under reductive alkylation conditions, at a pH suitable 
to permit selective modification of the a-ammo group 



at the arr.inc terminus of said protein and (b) obtaining 
the reaction o rcdu o t ; s / . I e r 1 vat ization v 1 a redu ctive 
alkylation tc produce a monepegy 1 at ed product exploits 
oKa differences between the lysine amine groups and the 
5 a- amino group at the N- terminus (the pKa being the pH 
at which 5-% of the amino groups are protonated and 50% 
are not ) . 

The reaction is performed at a pH which 
allows one to take advantage of the pKa differences 

10 between the c-amino groups of the lysine residues and 
that of the a amino group of the N- terminal residue of 
the protein. In general, if the pH is lower, a larger 
excess of polymer to protein will be desired (i.e., the 
less reactive the N-terminal a- amino group, the more 

15 polymer needed to achieve optimal conditions) . If the 
pH is higher, the polymer : p= rot e in ratio need not be as 
large (i.e., more reactive groups are available, so 
fewer polymer molecules are needed) . For purposes of 
the present invention, the pH will generally fall 

20 within the range of 3-9, preferably 3-6. For the 
reductive alkylation, the reducing agent should be 
stable in aqueous solution and preferably be able to 
reduce only the Schiff base formed in the initial 
process of reductive alkylation. Suitable reducing 

2 5 agents may be selected from sodium borohydride, sodium 
cyanoborohydride , dimethyl amine borane , t r ime thy 1 amine 
borane and pyridine borane. A particularly suitable 
reducing agent is sodium cyanoborohydride. Other 
reaction parameters such as solvent, reaction times, 

30 temperatures and means of purification of products can 
be determined case - by - case , based on the published 



inf crmat icn relating to der ivat: i zat ion cf proteins with 
water scluble pel yT.e r 3 . 

By su:h selective derivatizanicn, attachment 
cf a water soluble polymer (that contains a reactive 
5 group such as an aldehyde) to a prctem is controlled: 
the conjugation with the polymer takes place 
predominantly at the N-termmus of the protein and no 
significant modification of other reactive groups, such 
as the lysine side chain amino groups, occurs. The 

10 preparation will typically be greater than 90% 

monopo lymer/pr otem conjugate, and more typically 
greater than 95% monop-olymer/prot e i n conjugate, with 
the remainder of observable molecules being unreacted 
(i.e., protein lacking the polymer moiety) . 

15 A specific embodiment of the present 

invent ion is an unb ranched monomet hoxy-polye thylene 
glycol aldehyde molecule having an average molecular 
weight of either about 20kDa or about. 3 3kDa (e.g., 
between 3 0kDa and 3 5kDa) , or a t ert iary- butyl 

20 polyethylene glycol aldehyde having an average 

molecular weight of about 33kDa (e.g., between 30kDa 
and 3 5kDa) conjugated via reductive alkylation to 
sTNFR- I 2 . 6D/N1 05 . 

The pegylation also may specifically be 

25 carried out via water soluble polymers having at least 
one reactive hydroxy group (e.g. polyethylene glycol) 
can be reacted with a reagent having a reactive 
carbonyl , nitrile or sulfone group to convert the 
hydroxy 1 group into a reactive Michael acceptor, 

30 thereby forming an "activated linker" useful in 
modifying various proteins to provide improved 



biclcgically-act ive conj ugates . "Reactive cartonyl , 
nitrile or sulfcr.e" means a carbcnyl, nitrile cr 
sulf cne group tc v;h:ch a two carton group is bended 
having a reactive site for thiol - speci f ic coupling on 
5 the second carbon from the carbcnyl, nitrile or sulfone 
group ( w: 92/1622 1). 

The activated linkers can be mono f unc t ional , 
bif unct i cnal , or multifunctional. Useful reagents 
having a reactive sulfone group that can be used in the 

10 methods include , without limitation, chlorosul f one , 
vinyl sulfone and divinyl sul f one . 

In a specific embodiment, the water 
soluble polymer is activated with a Michael acceptor. 
WO 95/13312 describes, inter alia, water soluble 

15 sulf one-activated PEGs which are highly selective for 
coupling with thiol moieties instead of amino moieties 
on molecules and on surfaces. These PEG derivatives 
are stable against hydrolysis for extended periods in 
aqueous environments at pHs of about 11 or less, and 

20 can form linkages with molecules to form conjugates 

which are also hydrolyt ical ly stable. The linkage by 
which the PEGs and the biologically active molecule are 
coupled includes a sulfone moiety coupled to a thiol 
moiety and has the structure PEG - SO2 - CH2 ~ CH2 - S - W , where 

25 W represents the biologically active molecule, and 
wherein the sulfone moiety is vinyl sulfone or an 
active ethyl sulfone. Two particularly useful 
homobi f unct ional derivatives are PEG- bis- chlorosul f one 
and PEG -bis -vinyl sulf one . 

30 ?CT International Application Xo . US96/19459, 

the disclosure of which is hereby incorporated by 



reference, teaches methods cf making sul f one - act: ivated 
linkers by obtaining a compound having a reactive 
hydroxy 1 group and converting the hydroxy I group to a 
reactive Michael acceptor t: form an activated linker, 
5 with the use of t et r ahyirof uran ( THF ) as the solvent 
for the conversion. PCT International Application No. 
US96/1945 9, the disclosure cf which is hereby 
incorporated by reference, teaches a process for 
purifying the activated linkers which utilizes 

10 hydrophobic interaction chromatography to separate the 
linkers based on size and end-group functionality. 

Specifically, the present invention 
contemplates the f ol 1 owing p r oka ryot e - expressed 
molecules chemically derivatized to include mono- or 

15 poly- (e.g., 2-4) PEG moieties: sTNFR - I 2.6D/C105, 

sTNFR-I 2.6D/C106, sTNFR-I 2.6D/N105, sTNFR- I 2.3D/d8, 
sTNFR-I 2.3D/dl8 and sTNFR-I 2.3D/dl5, either 
met hionylated or nonmet hionylated , and variants and 
derivatives thereof. 

20 

Polyvalent Fo r m ( s ) 

Polyvalent form(s), i.e., molecules 
comprising more than one active moiety, may be 
constructed. In one embodiment, the molecule may 

25 possess multiple tumor necrosis factor binding sites 

for the TNF 1 igand (e.g., a combination of a truncated 
sTNFR product) . Additionally, the molecule may possess 
at least one tumor necrosis factor binding site and, 
depending upon the desired characteristic of polyvalent 

30 form, at least one binding site of another molecule 
(e.g., a combination of at least one truncated sTNFR 



product: and a: least one inter leukin- 1 receptor 
antagonise ("IL-lra" : , as described telov;; . 

In one erriodiment , the polyvalent fcrm may be 
constructed, for example, by chemically coupling at 
5 least one truncated sTNFR product and another moiety, 
preferably another truncated sTNFR produce, with any 
clinically acceptable linker (e.g., water-soluble 
polymer, as described above) . In principle the linker 
should not impart new immunogenic i ty nor, by virtue of 

10 the new amino acid residues, alter the hydrophobic! ty 
and charge balance of the structure to delet eriously 
affect its biodi s t r 1 but ion and clearance. 

Such polymers when used as linkers can be 
homopolymers , random or block copolymers and 

15 terpolymers based on the monomers listed above, 
straight chain or branched, substituted or 
unsubst i tuted . The polymer can be of any length or 
molecular weight, but these characteristics can affect 
the biological properties. Polymer average molecular 

20 weights particularly useful for decreasing clearance 
rates in pharmaceutical applications are in the range 
of 2,000 to 35,000 daltons. In addition, the length of 
the polymer can be varied to optimize or confer the 
desired biological activity. 

25 Activating groups which can be used to link 

the water soluble polymer to two or more proteins 
include the following: sulfone, maleimide, sulfhydryl, 
thiol, trif late, tresylate, azidirme, oxirane and 
5 -pyridyl . 

30 In a specific embodiment, a bifunctional or 

multifunctional activated linker having at least one 



reactive Michael accepter may be prepared in accordance 
with United States Parent Application No. 08/473,809 
and purified m accordance with United States Patent 
Application No. I3/-5 1 1,513. 
5 The act. ive moieties may be 1 inked using 

conventional coupling techniques (see PUT Publication 
No. WO 92/1622 1 and POT Publication No. WO 95/34326, 
the disclosures of which are hereby incorporated by 
reference) . Furthermore, PCT Publication No. WO 

10 92/16221 describes the preparation of various dimerized 
sTNFR-I inhibitor molecules, e.g., dimerized cl05 
sTNFR-I. An exemplary polyvalent tumor necrosis factor 
binding proteins having the formula (sTNFR-I 
2 . 6D/O106 ) 2 - (2 OkDa PEG) , is disclosed m Example I. 

15 Alternatively, a bivalent molecule may 

consist of two tandem repeats of truncated sTNFR 
products separated by a polypeptide linker region. The 
design of the p>olypep<t ide linkers is similar in design 
to the insertion of short loop sequences between 

20 domains in the de novo design of proteins (Mutter 

(1988), TIBS, 13:260-265 and Regan and DeGrado (1988), 
Science, 24JL : 97 6 - 97 3 , the disclosures of which are 
hereby incorporated by reference) . It has been shown 
that a linker suitable for single chain antibodies is 

25 effective to produce a dimeric form of the recombinant 
human sTNFR-II (Neve et al . (1996), Cytokine, 8 (5) : 365 - 
370, the disclosure of which is hereby incorporated by 
reference) . Several different linker constructs have 
been assembled and shown to be useful fc>r antibodies; 

3 0 the most functional linkers vary in size from 12 to 25 
amino acids (amino acids having unreactive side groups , 



e.g., alanine, serine and glycine; which together 
constitute a hy arc phi lie sequence, have a few 
oppositely charged residues to enhance solubility and 
are flexible (Whitlow and Filpula (1991) , Methods: A 
5 Companion to Methods in Enzymology, 2:97-105 and 

Prigid: et al . (1993), J . Immunol,, 15_j_ : 4 6 9 - 4 7 9 , the 
disclosures of which are hereby incorporated by 
reference) . 

In another embodiment, truncated sTNFRs may 

10 be chemically coupled to biotin, and the 

bio-tin/ truncated sTNFRs which are conjugated are then 
allowed to bind to avidin, resulting in tetravalent 
avidin/biot in/truncated sTNFR molecules . Truncated 
sTNFRs may also be covalently coupled to dini t rophenol 

15 (DNP) or tr initrophenol (TNP) and the resulting 

conjugates precipitated with ant i -DNP or anti-TNP-IgM 
to form decamerie conjugates with a valency of 10 for 
TNF b i nd i ng sites. 

In yet another embodiment, recombinant fusion 

2 0 proteins may also be produced having a truncated sTNFR 

wherein each recombinant chimeric molecule has a sTNFR 
sequence, as described above, substituted for the 
variable domains of either or both of the 
immunoglobulin molecule heavy and light chains and 
25 having all or parts of the constant domains, but at 

least one constant: domain, of the heavy or light chain 
of human immunoglobulin. For example, each such 
chimeric truncated sTNFR/IgGl fusicn protein may be 
produced from two chimeric genes: a truncated 

3 0 sTNFR/human kapp>a light chain chimera (truncated 

sTNFR/Ck) and a truncated sTNFR/human gamma- 1 heavy 



chain chiT.era 'truncated sTNFR/lg-1; . Following 
transcription and translation or the two chimeric 
genes, as described below, the gene products may re 
assembled into a single chuneri: mode cole having a 
5 truncated sTNFR displayed bivalently. Additional 

details relating to the construction of such chimeric 
molecules are disclosed in United States Patent 
5,116,964, PCT Publication No. WO 39/09622, PCT 
Publication No. WO 91/16437 and FP 315062, the 
10 disclosures of which are hereby incorporated by 
reference . 

In yet a still further embodiment, 
recombinant fusion proteins may also be produced having 
a truncated sTNFR wherein each recombinant chimeric 
15 molecule has a sTNFR sequence, as described above, and 
at least a portion of the region 13 6-401 of 
osteoproteger in (OPG), as described in European Patent 
Application No. 963 093 6 3. S. 

2 0 Poly n uc leot ides 

The present invention further provides 
polynucleotides which encode truncated sTNFRs. Based 
upon the present description and using the universal 
codon table, one of ordinary skill in the art can 

25 readily determine all of the nucleic acid sequences 
which encode the amino acid sequences of truncated 
sTNFRs . Presently preferred nucleic acid sequences 
include those polynucleotides encoding sTNFR-I 
2.6D/C105, sTNFR-I 2.6D/2106, sTNFR-I 2.6D/N105, sTNFR - 

30 I 2.3D/d8, sTNFR-I 2.2D/dl8 and sTNFR-I 2.3D/dl5. 



Examples of a variety of polynucleotides are depicted 
in Figures 2, 3, 4, 5, 6 and 1. 

Re come inant express ic n techniques conducted 
in accordance with the descriptions set forth below may 
be followed to produce these polynucleotides and to 
express the encoded proteins. For example, by 
inserting a nuclei: acid sequence which encodes a 
truncated sTMFR into an appropriate vector, one skilled 
in the art can readily produce large quantities of the 
desired nucleotide sequence. The sequences can then be 
used to generate detection probes or amplification 
primers. Alternatively, a polynucleotide encoding a 
truncated sTNFR can be inserted into an expression 
vector. 3y introducing the expression vector into an 
appropriate host, the desired truncated sTNFR may be 
produced in large amounts. 

As further described herein, there are 
numerous host/vector systems available for the 
propagation of desired nucleic acid sequences and/or 
the production of truncated sTNFRs . These include but 
are not limited to plasmid, viral and insertional 
vectors, and prc>karyotic and eukaryotic hosts. One 
skilled in the art can adapt a host/vector system which 
is capable of propagating or expressing heterologous 
DMA to produce or express the sequences of the present 
invent ion . 

Furthermore, it will be appreciated by those 
skilled in the art that, in view of the present 
disclosure, the novel nuclei- acid sequences include 
degenerate nucleic acid sequences encoding truncated 
sTNFRs having the sequences set forth in the Figures, 



and these nucleic acid sequences which hybridize 
(preferably under stringent hybridization conditions) 
tc complements cf these nucleic acid sequences 
(Maniac is et al . (1932), Molecular Cloning (A 
5 Laboratory Manual), Cold Spring Harbor Laboratory, 

pages 387 to 3 3 9) . Exemplary stringent hybridization 
conditions are hybridization in 4 x SSC at 62-67°C, 
followed by washing in 0.1 x SSC at 62-67°C for 
approximately an hour. Alternatively, exemplary 

10 stringent hybridization conditions are hybridization in 
45-55% formamide, 4 x SSC at 40-45°C. Also included 
are DNA sequences which hybridize to the nucleic acid 
sequences set forth in Figures 1 and 9 under relaxed 
hybridization conditions and which encode truncated 

15 sTNFRs . Examples of such relaxed stringency 

hybridization conditions are 4 x SSC at 45-55°C or 
hybridization with 30-40% formamide at 40-45°C. 

Also provided by t he present invent ion are 
recombinant DNA constructs involving vector DNA 

2 0 together with the DNA sequences encoding truncated 

sTNFRs . In each such DNA construct, the nucleic acid 
sequence encoding a truncated sTNFR (with or without 
signal peptides) is in operative association with a 
suitable expression control or regulatory sequence 

25 capable of directing the replication and/or expression 
of the truncated sTNFR in a selected host. 



Recombinant Express ion 

Preparation of Pc l ynucleot ides 
30 Nucleic acid sequences encoding truncated 

sTNFRs can readily be obtained in a variety of ways 



including, v;:thou: l:^::a::cn ( chemical synthesis, cCNA 
cr genomic library screening, expression library 
screening and/or PGR amplification of cDNA. These 
methods and others which are useful for isolating such 
5 nucleic acid sequences are set forth m Sambrook et 
al . , Molecular Cloning: A Laboratory- Manual, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
(19E-9) ; by Ausubel et al . , eds Current Protocols in 
Molecular Biology, Current Protocols Press, (1994); and 

10 by Berger and Kimmel, Methods in Enzymology r : Guide to 

Molecular Cloning Techniques, Vol. 152, Academic Press, 
Inc., San Diego, CA, (1987), the disclosures of which 
are hereby incorporated by reference. 

Chemical synthesis of nucleic acid sequences 

15 which encode truncated sTNFRs can be accomplished 

using methods well known in the art, such as those set 
forth by Engels et al . (1989), Angew. Chem. Intl. Ed., 
23:716-734 and Wells et al . (1935), Gene, 34:315, the 
disclosures of which are hereby incorporated by 

20 reference. These methods include, inter alia, the 
phosphot riest er , phosphoramidi te and H-phosphonate 
methods of nucleic acid sequence synthesis. Large 
nucleic acid sequences, for example those larger than 
about 100 nucleotides in length, can be synthesized 

25 as several fragments. The fragments can then be 
ligated together to form nucleic acid sequences 
encoding truncated sTNFRs . A preferred method is 
polymer-supported synthesis using standard 
phosphoramidi te chemistry . 

30 Alternatively, a suitable nucleic acid 

sequence may be obtained by screening an appropriate 



cDNA library (i.e., a library prepared from one cr more 
cis sue source believed zc express the prctein) or a 
genomic library ^a library prepared from total genomic 
DNA') . The source of the cDNA library is typically a 
5 tissue f rem any species that is believed t: express a 
desired prctein m reasonable quantities. The source 
of the genomic library may be any tissue or tissues 
from any mammalian or other species believed to harbor 
a gene encoding a truncated sTNFR . 

10 Hybridization mediums can be screened for the 

presence of a DNA encoding a truncated sTNFR using one 
or more nucleic acid probes (oligonucleotides, cDNA or 
genomic DNA fragments that possess an acceptable level 
of homology to the cDNA or gene to be cloned) that will 

15 hybridize selectively with cDNA ( s ) or gene ( s ) present 
in the library. The probes typically used for such 
screening encode a small region of DNA sequence from 
the same or a similar species as the species from which 
the library is prepared. Alternatively, the probes may 

2 0 be degenerate, as discussed herein. 

Hybridization is typically accomplished by 
annealing the oligonucleotide probe or cDNA to the 
clones under conditions of stringency that prevent 
non-specific binding but permit binding of those clones 

25 that have a significant level of homology with the 
probe or primer. Typical hybridization and washing 
stringency renditions depend in part on the size 
{i.e., number of nucleotides in length) of the cDNA or 
oligonucleotide probe and whether the probe is 

30 degenerate. The probability of identifying a clone is 
also considered in designing the hybridization medium 



[e.g., whether a cDNA or genomic library is being 
screened' . 

Where a ENA fragment (such as cC-NA) is used 
as a probe, typical hybridization conditions include 
5 those as set forth in Ausubel et al . (1994) , eds . , 

supra. After hybridization, the hybrizaticn medium is 
washed at a suitable stringency depending on several 
factors such as probe size, expected homology of probe 
to clone; the hybridizat ion medium being screened, the 

10 number of clones being screened and the like. Examples 
of stringent washing solut ions , which are usual ly low 
in ionic strength and are used at relatively high 
temperatures, are as follows: one such stringent wash 
is 0.015 M NaCl , C.C05 M NaCitrate and 0.1% SDS at 

15 55-65°C; another such stringent wash is ImM Na2EDTA, 

4 0mM NaHP04 , pH 7.2, and 1% SDS at about 4 0-50° C; and 
one other stringent wash is 0.2 X SSC and 0.1% SDS at 
about 50-65°C. 

There are also exemplary protocols for 

2 0 stringent washing conditions where oligonucleotide 

probes are used to- screen hybridization mediums. For 
example, a first protocol uses 6 X SSC with 0.0 5 
percent sodium pyrophosphate at a temperature of 
between about 35°C and 63 °C, depending on the length of 

25 the probe. For example, 14 base probes are washed at 
35-40°C, 17 base probes at 45-50°C, 20 base probes at 
52-57 c C, and 23 base probes at 57-63°C. The 
temperature can be increased 2-3°C where the background 
non-specific binding appears high. A second protocol 

30 uses tetramethylammonium chloride (TMAC) for washing. 



One such stringent: washing scluticn is 3 M TXAC , 50mM 
Tris-HCi, pH 8.2 and C.2% SIS. 

Another suitable method for obtaining a 
suitable nucleic acid sequence is the polymerase chain 
5 reaction (PCR). in this method, cDXA is prepared from 
poly(A')+RNA or total RNA using the enzyme reverse 
transcriptase. Two primers, typically complementary to 
two separate regions of cDNA (oligonucleotides) 
encoding a truncated sTNFR, are then added to the cDNA 
10 along with a polymerase such as Tag polymerase, and the 
polymerase amplifies the cDXA region between the two 
primers . 

The oligonucleotide sequences selected as 
probes or primers should be of adequate length and 

15 sufficiently unambiguous so as to minimize the amount 

of non-specific binding that may occur during screening 
or PCR ampl if ication. The actual sequence of the 
probes or primers is usually based on conserved or 
highly homologous sequences or regions . Optionally, 

20 the probes or primers can be fully or partially 
degenerate, i.e., can contain a mixture of 
probes/primers, all encoding the same ammo acid 
sequence but using different codons to do- so. An 
alternative to preparing degenerate probes is to place 

25 an inosine in some or all of those codon positions that 
vary by species. The oligonucleotide probes or primers 
may be prepared by chemical synthesis methods for DNA, 
as described above . 

As described above, a variant sequence is a 

30 natural (e.g., an allelic variation) or synthetic 
sequence that contains one or more nucleotide 



substitutions, deletions, and/or mserticns as compared 
to the sequence of Figures 2, 2, 4, 5, 6 and 7 and that 
results in the expression of amino acid sequence 
variations as compared to the wild type ammo acid 
5 sequence. Preparation of synthetic variant sequences 
is also well kncwn in the art, and is described, for 
example, in Sambrook et al . (1939), supra and Wells et 
al . (I'r85'i, Gene, 3 4_ : 2 1 5 , the disclosure of which is 
hereby incorporated by reference. 

10 

Vectors 

DNA encoding truncated sTNFRs may be inserted 
into vectors for further cloning (amplification of the 
DNA) or for expression. Suitable vectors are 

15 commercially available, or the vector may be 
specifically constructed. The selection or 
construction of an appropriate vector will depend on 
(1) whether it is to be used for DNA amplification or 
for DNA expression, (2) the size of the DNA to be 

20 inserted into the vector, and i3) the intended host 
cell to be transformed with the vector. 

The vectors each involve a nucleic acid 
sequence which encodes a desired protein operatively 
linked to one or more of the following expression 

25 control or regulatory sequences capable of directing, 

controlling or otherwise effecting the expression of a 
desired protein by a selected host cell. Each vector 
contains various components, depending on its function 
(amplification of DNA or expression of DNA) and its 

30 compatibility with the intended host cell. The vector 
components generally include but are net limited to one 
cr more of the following: a signal sequence, an origin 



of replication, one or more selection or marker genes, 
proir.c ters , enhancer elements, a transcription 
termination sequence and the like. These components 
may be obtained from natural sources or be synthesized 
5 by known procedures. 

Examples of suitable prokaryotic cloning 
vectors include bacteriophages such as lambda 
derivatives, or plasmids from E. coli (e.g. pBR322, col 
El, pUC, the F- factor and E 1 uescript 1 ^ plasmid 
10 derivatives (Stratagene, LaJolla, CA) ) . Other 

appropriate expression vectors, of which numerous types 
are known in the art for the host cells described 
below, can also be used for this purpose. 

1 5 Si gnal Sequence 

The nucleic acid encoding a signal sequence 
may be inserted 5' of the sequence encoding a truncated 
sTNFR, e.g., it may be a component of a vector, or it 
may be a part of a nucleic acid encoding a truncated 

20 sTNFR. The nucleic acid encoding the native signal 

sequences of sTNFR-I and sTNFR-II are known (EP 393 438 
and EP 422 339) . 

Origin o f Rep lic ation 

25 Expression and cloning vectors each generally 

include a nucleic acid sequence that enables the vector 
to replicate in one or more selected host cells. In a 
cloning vector, this sequence is typically one that 
enables the vector to replicate independently of the 

3 0 host chromosomal DMA, and includes origins of 

replication or autonomously replicating sequences. 
Such sequences are well known. The origin of 
replication from the plasmid pBR322 is suitable for 



most Gram-negative bacteria, and various origins (e.g., 
SV4 0, polyoma, adenovirus, VSV or 3PV ) are useful for 
cloning vectors in mammalian cells. Generally, the 
origin of replication is not needed for marram a 1 ian 
5 expression vectors (for example, the £V40 origin is 
often used only because it contains the early 
promoter * . 

Se l ection G ene 

10 The expression and cloning vectors each 

typically contain a selection gene. This gene encodes 
a "marker" protein necessary for the survival or growth 
of the transformed ho»st cells when grown in a selective 
culture medium. Host cells that are not transformed 

15 with the vector will not contain the selection gene 
and, therefore, they will not survive in the culture 
medium. Typical selection genes encode proteins that 
(a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate or 

20 tetracycline; (b) complement auxotrophic deficiencies 

or (c) supply critical nutrients not available from the 
culture medium. 

Other selection genes may be used to amplify 
the genes to be expressed. Amplification is the 

25 process wherein genes which are in greater demand for 
the production of a protein critical for growth are 
reiterated in tandem within the chromosomes of 
successive generations of recombinant cells. Examples 
of suitable selectable markers for mammalian cells 

30 include dihydrof olate reductase (DHFR) and thymidine 
kinase. The cell t rans f ormant s are placed under 



selection pressure which only the transfcr^ants are 
uniquely adapted to survive by virtue of the markers 
present in the vector. Selection pressure is imposed 
by culturing the transformed cells under conditions in 
5 whi ch the concent rat icn of selection agent in the 
medium i s successively changed , thereby leading to 
ampl lficat ion of both the sel ect ion genes and the DNA 
that encodes truncated sTNFRs . As a result , increased 
quant it ies of truncated sTNFRs are synthesized from the 

10 amplified DNA. 

For example, cells transformed with the DHFR 
select ion gene are first ident i fied by culturing all of 
the trans formants in a culture medium that contains 
methotrexate , a compet i t ive antagonist of DHFR . An 

15 appropriate host cell when wi Id- type DHFR is used is 
the Chinese hamster ovary cell line deficient in DHFR 
activity (Urlaub and Chasm (1930), Proc . Natl. Acad. 
Sci . , USA, 77(7) :421G-4220 / the disclosure of which is 
hereby incorporated by reference) . The transformed 

20 cells are then exposed to increased levels of 

methotrexate . This leads to the synthesis of multiple 
copies of the DHFR gene and, concomitantly, multiple 
copies of other DNA present in the expression vector, 
such as the DNA encoding a truncated sTNFR. 

25 

P romoter 

Expression and cloning vectors each will 
typical ly contain a promoter that i s recogni zed by the 
host organism and is operably linked to a nucleic acid 
30 sequence encoding a truncated sTNFR . A promoter is an 
untranslated sequence located upstream (5 ' ) to the 



stare coder, cf a structural gene 'generally within 
about 100 tc 1C00 op; that controls the transcription 
and translation of a particular nucleic acid sequence, 
such as that encoding a truncated sTNFR . A promoter 
5 may be conventionally grouped into one of two rlasses, 
inducible promoters and constitutive promoters. An 
inducible promoter initiates increased levels of 
transcription from DNA under its control in response to 
some change in culture conditions, such as the presence 

10 or absence of a nutrient or a change in temperature. A 
large number of promoters, recognized by a variety of 
potential host cells, are well known. A promoter may 
be operably linked to DNA encoding a truncated sTNFR by 
removing the promoter from the source DNA by 

15 restriction enzyme digestion and inserting the desired 
promoter sequence. The native sTNFR-I promoter 
sequence or sTNFR-II promoter sequence may be used to 
direct amplification and/or expression of DNA encoding 
a truncated sTNFR. A heterologous promoter is 

20 preferred, however, if it permits greater transcription 
and higher yields of the expressed protein as compared 
to- the native promoter and if it is compatible with the 
host cell system that has been selected for use. For 
example, any one of the native promoter sequences of 

25 other NGF/TNF family members may be used to direct 

amplification and/or expression of the DNA encoding a 
t runcated sTNFR . 

Promoters suitable for use with prokaryotic 
hosts include the be t a - 1 act amase and lactose promoter 

3 0 systems; alkaline phosphatase, a tryptophan (trp) 

promoter system; a bacterial luminescence (luxR) gene 



system and hybrid promoters such as the :ac promoter . 
Other known bacterial promoters are also suitable. 
Their nu:lectide sequences have been published, thereby 
enabling one skilled m the art to ligate them tc> the 
5 desired jNA sequence (s) using linkers or adaptors as 
needed to supply any required restriction sites. 

Suitable promoting sequences for use with 
yeast hosts are also well known in the art. Suitable 
promoters for use with mammalian host cells are well 

10 known and include those obtained from the genomes of 
viruses such as polyoma virus, fowlpox virus, 
adenovirus (such as Adenovirus 2), bovine papilloma 
virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis-B virus and, most preferably, 

15 Simian Virus 40 (SV4C) . Other suitable mammalian 

promoters include heterologous mammalian promoters, 
e.g., heat-shock promoters and the actin promoter. 



Enhancer Element 

20 The expression and cloning vectors each will 

typically contain an enhancer sequence to increase the 
transcription by higher eukaryotes of a DNA sequence 
encoding a truncated sTNFR . Enhancers are cis-acting 
elements of DNA , usually from about 10-300 bp in 

25 length, that act on the promoter to increase its 

transcription. Enhancers are relatively orientation 
and position independent. They have been found 5' and 
3' to the transcription unit. Yeast enhancers are 
advantageously used with yeast promoters. Several 

30 enhancer sequences available from mammalian genes are 
known (e.g., globm, elastase, albumin, alpha-f eto- 



protein and msul m; . Add: c i onal ly , viral enhancers 
su:h as the SV4 Z enhancer , the cytomegalovirus early 
promoter enhancer, the polyoma enhancer and adenovirus 
enhancers are exemplary enhancing elements for the 
5 act iva:icc of eukaryc tic promoters . Whi 1 e an enhancer 
may be spliced mtc a vector at a position 5 ' or 3 1 to 
a DNA encoding truncated sTNFR , it is typical ly located 
at a site 5' from the prcmcter. 

1 0 Tr anscript ion Termi nat io n 

Express ion vectors used in eukaryot ic host 
cells each will typically contain a sequence necessary 
for the termination c>f transcription and for 
stabilizing the mRNA. Such sequences are commonly 

15 avail able f rom the 5 ' and occasional ly 3 1 untranslated 
regions of eukaryot ic DNAs or cDNAs . These regions 
contain nuc 1 eot ide segments transcribed as 
polyadenylated fragments in the untranslated portion of 
the mRNA encoding a truncated sTNFR . 

20 

Ve ctor Construct ion 

The construct ion of a suitable vector 
containing one c>r more of the above- listed components 
(together with the coding sequence encoding a truncated 

2 5 sTNFR) is accompl i shed by standard 1 i gat ion techniques . 
Isolated plasmids or DNA fragments are cleaved, 
tailored and religated in the desired order to generate 
the vector required. To confirm that the correct 
sequence has been constructed, the ligation mixture may 

30 be used to transform E. ccli, and successful 

transf crmants may be selected by known techniques as 
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described abcve . Quantities of the vettcr from the 
t ransf crmant s are then prepared, analyzed by 
restriction endcriurlease digestion and/or sequenced to 
confirm the presence cf the desired construct. 
5 A vector that provides for the transient 

expression of GNA encoding a truncated sTNFR in 
mammalian cells may also be used. In general, 
transient expression involves the use of an expression 
vector that is able to replicate efficiently in a host 

10 cell, such that the host cell accumulates many copies 

of the expression vector and, in turn, synthesizes high 
levels of the desired protein encoded by the expression 
vector. Each transient expression system, comprising a 
suitable expression vector and a host cell, allows for 

15 the convenient positive identification of proteins 
encoded by cloned DNAs , as well as for the rapid 
screening of such proteins for desired biological or 
physiological properties, i.e., identifying a 
biologically-active t rune at ed sTNFR . 

20 

H ost Cells 

Any of a variety of recombinant host cells, 
each of which contains a nucleic acid sequence for use 
in expressing a desired protein, is also provided by 

25 the present invention. Exemplary prokaryotic and 

eukaryotic host cells include bacterial, mammalian, 
fungal, insect, yeast or plant cells. 

Prokaryotic host cells include but are 
not limited to eubacteria such as Gram-negative or 

30 Gram-positive organisms (e.g., E. coli (HB1C1, DH5a, 
DH10 and MC1061); Bacilli such as B . subtilis; 



Pseudorr.onas species, su:h as P. aeruginosa; 
Streptomyces spp . ; Salmonella typhimur ium ; or Serratia 
n:arcescans . As a specific emhc diment , a desired 
protein may be expressed in E. coli. 
5 In addition to prokaryctic host cells, 

eukaryotic microbes such as filamentous fungi or yeast 
may be suitable hosts for the expression of truncated 
sTNFRs . Saccharomy r ces cerevisiae, or common baker's 
yeast, is the most commonly used among lower eukaryotic 
10 host microorganisms, but a number of other genera, 
species and strains are well known and commonly 
available . 

A t rune at ed sTNFR may be expressed in 
glycosylated form by any one of a number of suitable 

15 host cells derived from multicellular organisms. Such 
host cells are capable of complex processing and 
glycosy lat ion activities. In principle, any higher 
eukaryotic cell culture might be used, whether such 
culture involves vertebrate or invertebrate cells, 

20 including plant and insect cells. As a specific 
embodiment, a desired protein may be expressed in 
baculovirus eel 1 s . 

Vertebrate cells may be used, as the 
propagation of vertebrate cells in culture (tissue 

25 rulture) is a well-known procedure. Examples of useful 
mammalian host cell lines include but are not limited 
to monkey kidney CV1 line transformed by SV4 0 (COS-7), 
human embryonic kidney line (293 cells or 293 cells 
subcloned for growth in suspension culture', baby 

30 hamster kidney cells and Chinese hamster ovary cells. 

Other suitable mammalian :ell lines include but are not 



Limited :o HeLa, mouse L-92 9 cells, 3T3 lines derived 
from. Swiss, Balb-c or XIH mice, and BHK cr HaK hamster 
cell lines. As a specific embodiment, a desired 
protein may be expressed in COS cells. 
5 A host cell may be transfected and preferably 

transformed with a desired nucleic acid under 
appropriate conditions permitting expression of the 
nucleic acid. The selection of suitable host cells and 
methods for transformation, culture, amplification, 

10 screening and product production and purification are 
well known in the art (Gething and Sambrook (1981), 
Nature, 293:620-625 or, alternatively, Kaufman et al . 
(1935), Mol. Cell. Biol., 5 (7 ) : 1750-1759, or U.S. Pat. 
No. 4,419,446, the disclosures of which are hereby 

15 incorporated by reference) . For example, for mammalian 
ceils without cell walls, the calcium phosphate 
precipitation method may be used. Electroporation, 
micro injection and other known techniques may also be 
used . 

20 It is also possible that truncated sTNFRs may 

be produced by homologous recombination or with 
recombinant production methods utilizing control 
elements introduced into cells already containing DNA 
encoding truncated sTNFRs . Homologous recombination is 

2 5 a technique originally developed for targeting genes to 
induce or correct mutations in t ranscr ipt ionally- act ive 
genes ( Kucher 1 apat i (1989), Prog, in Nuol . Acid Res. 
and Mol. Biol., 3_6 : 3 C 1 , the disclosure of which is 
hereby incorporated by reference) . The basic technique 

30 was developed as a method for introducing specific 

mutations into specific regions of the mammalian genome 



^Thomas et al . [1986], Cell, 4^:419-428; Thomas and 
Capecchi .19 8 7 , Tell, 5_1:50 3 - 512 and Dcetschman et al . 
(1933-, Proc. Natl. Acad. Sci., 85:8583-8587, the 
dis closures cf which are hereby incorporated by 
5 reference) or to correct specific mutations within 
defective genes (Doetschman et al . (1987), Nature, 
3_3_0: 576 -573 , the disclosure cf which is hereby 
incorporated by reference' . Exemplary techniques are 
described in U.S. Patent No. 5,272,071; WO 92/01069; WO 
10 9 3/ 0 3 13 3; 

WO 94/12650 and WO 94/31560, the disclosures of which 
are hereby incorporated by reference. 

Through homologous recombination, the DNA 
sequence to be inserted into the genome can be directed 

15 to a specific region of the gene of interest by 

attaching it to targeting DNA. The targeting DNA is 
DNA that is complementary (homologous) to a region of 
the genomic DNA. Small pieces of targeting DNA that 
are complementary to a specific region of the genome 

20 are put in contact with the parental strand during the 
DNA replication process. A general property of DNA 
that has been inserted into a cell is to hybridize and 
therefore recombine with other pieces of endogenous DNA 
through shared homologous regions. If this 

25 complementary strand is attached to an oligonucleotide 
that contains a mutation or a different sequence of 
DNA, it too is incorporated into the newly synthesized 
strand as a result of the recombination. As a result 
of the proofreading function, it is possible for the 

3 0 new sequence of DNA to serve as the template. Thus, 
the transferred DNA is incorporated into the genome. 
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If :he sequence of a particular gene is 
known, su:h as the nucleic acid sequence cf a truncated 
sTNFR, the expression control sequence (a piece of DNA 
that is complementary to a selected region of the gene) 
5 can be synthesized or otherwise obtained, such as by 
appropriate restrict ion of the native DNA at specific 
recognition sites bounding the region of interest. 
This piece serves as a targeting sequence upon 
insertion into- the cell and will hybridize to its 

10 homologous region within the genome . If this 

hybridization occurs during DNA replication, this piece 
of DNA , and any additional sequence attached thereto, 
will act as an Okazaki fragment and will be 
backstitched into the newly synthesized daughter strand 

15 of DNA. 

Attached to these pieces of targeting DNA are 
regions of DNA which may interact with the expression 
of a truncated sTNFR . For example, a promoter /enhancer 
element, a suppressor or an exogenous transcription 

20 modulatory element is inserted into the genome of the 
intended host cell in proximity and orientation 
sufficient to influence the transcription of DNA 
encoding the desired truncated sTNFR. The control 
element does not encode the truncated sTNFR , but 

25 instead controls a portion of the DNA present in the 

host cell genome. Thus, the expression of a truncated 
sTNFR may be achieved not by transfection of DNA that 
encodes a truncated sTNFR , but rather by the use of 
targeting DNA (containing regions of homology with the 

3C endogenous gene of interest) coupled with DNA 

regulatory segments that provide the endogenous gene 



sequence v;ith recognizable signals for transcription cf 
a truncated sTXFR . 

oulturma the Most Cells 
E The method for culturmg each of the one or 

more recombinant host cells for production of a desired 
protein will vary depending upon many factors and 
considerations; the optimum production procedure for a 
given situation will be apparent to those skilled in 

1C one art through minimal experimentation. Such 

recombinant ho-st cells are cultured in suitable medium 
and the expressed t runcated sTNFR i s then optional ly 
recovered, isolated and purified from the culture 
medium (or from the cell, if expressed intracel lularly ) 

15 by appropriate means known to those skilled in the art. 

Specifically, each of the recombinant cells 
used to produce a desired truncated sTNFR may be 
cultured in media suitable for inducing promoters, 
selecting suitable recombinant host cells or amplifying 

20 the gene encoding one desired truncated sTMFR . The 
media may be supplemented as necessary with hormones 
and/or other growth factors (such as insulin, 
transferrin or epidermal growth factor) , salts (such as 
sodium chlo'ride, calcium, magnesium and phosphate), 

25 buffers (such as HEPES), nucleosides (such as adenosine 
and thymidine), antibiotics (such as gentamicin), trace 
elements (defined as inorganic compounds usually 
present at final concentrations in the micromolar 
range), and glucose or another energy source. Other 

30 supplements may also be included, at appropriate 

concentrations, as will be appreciated by those skilled 
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in the art. Suitable culture conditions, such as 
temperature, pH and the like, are also well known to 
these skilled in the art for use with the selected host 
cells . 

5 The resulting expression product may then be 

purified to near homogeneity using procedures known in 
the art. Exemplary purification techniques are taught 
in EP 393 43S and EP 422 339, the disclosures of which 
are inco rpo-rat ed herein by reference. 

10 

Pha rmaceut i ca 1 Comp os it ions 

Pharmaceutical compositions each will 
generally include a therapeutically effective amount of 
truncated sTNFRs and chemically-modified derivatives of 

15 truncated sTNFRs (collectively, "truncated sTNFR 

product (s) ") in admixture with a vehicle. The vehicle 
preferably includes one or more pharmaceutically and 
physiologically acceptable formulation materials in 
admixture with the truncated sTNFR product (s) and 

20 controlled release material. 

The primary solvent in a vehicle may be 
either aqueous or non-aqueous in nature. In addition, 
the vehicle may contain other pharmaceutically 
acceptable excipients for modifying or maintaining the 

2 5 pH preferably between 5-6.5, and more preferably 
between 5.5-6.0 (e.g., buffers such as citrates, 
phosphates and amino acids such glycine); bulking 
agents for lyophilized formulation (e.g., mannitol and 
glycine); osmolarity (e.g., mannitol and sodium 

30 chloride); surfactants (e.g., polysorbate 20, 

poiysorbate 80, tnoon, and pluronics) ; viscosity; 



clarify; color; s:er:l::y; stability (e.g., sucrose and 
sorbitol^; an::cx:dants (e.g., sodium sulfite and 
sodium hydro gen- sul f i te ' ; preserva: ives (e.g., benzoic 
acid and salicylic acid;; odor of the formulation; 
5 flavoring and diluting agents; rate of dissolution 
(e.g., solubilizers or solubilizing agents such as 
alcohols, polyethylene glycols and sodium chloride) ; 
rate of release; emulsifying agents; suspending agents; 
solvents; fillers; delivery vehicles; diluents; 

10 excipients and/or pharmaceutical adjuvants. Other 

effective administration forms such as parenteral slow- 
release formulations, inhalant mists, orally-active 
formulations, or suppositories are also envisioned. 
The composition may also involve particulate 

15 preparations of polymeric compounds such as bulk 

erosion polymers (e.g., poly ( lactic - co-glycol ic acid) 
(PL.GA) copolymers, PLGA polymer blends, block 
copolymers of PEG, and lactic and glycol ic acid, 
poly ( cyanoacry lat es ) ) ; surface erosion polymers (e.g., 

20 poly (anhydrides ) and poly (ortho esters)); hydrogel 

esters (e.g., pluronic polyols, poly (vinyl alcohol), 
poly (vinylpyrrol idone ) , maleic anhydride - alky 1 vinyl 
ether copolymers, cellulose, hyaluronic acid 
derivatives, alginate, collagen, gelatin, albumin, and 

2 5 starches and dextrans) and composition systems thereof; 
or preparations of liposomes or microspheres. Such 
compositions may influence the physical state, 
stability, rate of in vivo release, and rate of in vivo 
clearance of the present proteins and derivatives. The 

30 optimal pharmaceutical formulation for a desired 

protein will be determined by one skilled m the art 



dec-ending upon the route of administration and desired 
dc sage. Exemplary pharmaceutical compos i t i :ns are 
disclosed in Remington's Pharmaceutical Sciences, 18th 
Ed. (1390;, Mack Publishing Co., Easton, ?A 16042, 
5 pages 1435-1712; Gombotz and Pettit (1995), 

Bioconjugate Them., 6:332-351; Leone-Bay, et al . 

(1995) , Journal of Medicinal Chemistry, 2S_ : 4 2 6 3 - 4 2 6 9 ; 
Haas, et al . (1995 1 , Clinical Immunology and 
Immunopathology, 76 ( 1 ■■ : 93 ; WO 94/06457; WO 94/21275; FR 

10 2706772 and WO 94/21235, the disclosures of which are 
incorporated herein by reference. 

Specific sustained release compositions are 
available from the following suppliers: Depotech 
(Depof cam™, a multivesicular liposome) ; Alkermes 

15 (ProLease™, a PLGA microsphere). As used herein, 
hya lure nan is intended to include hyaluronan, 
hyaluronic acid, salts thereof (such as sodium 
hyaluronate ) , esters, ethers, enzymatic derivatives and 
cross -linked gels of hyaluronic acid, and chemically 

20 modified derivatives of hyaluronic acid f such as 

hylan) . Exemplary forms of hyaluronan are disclosed in 
Peyron and Balacs (1974), Path. Biol., 22(8):731-736; 
Isdale et al . (1991), J. Drug Dev., 4(2) : 9 3 - 9 9 ; Larsen 
et al . (1993), Journal of Biomedical Materials 

25 Research, 27:1129-1134; Namiki , et al . (1982), 

International Journal of Clinical Pharmacology, Therapy 
and Toxicology, 2 0 ' 1 1 > : 5 0 1 - 5 0 7 ; Meyer et al . (1995), 
Journal of Controlled Release, 3_5 : 67-72; Kikuchi et al . 

(1996) , Osteoarthritis and Cartilage, 4:99-110; 

30 Sakakibara et al . '1994) , Clinical Orthopaedics and 
Related Research, 299 :282-292; Meyers and Brandt 



v 1 9 9 5 ; , 2 2,9; : 1732-1729; Laurent: et al. ( 1 9 9 5 ! , Acta 
Crthop Scand, 66 ,2 6 6 ; : 116-120 ; Cas:one e: al. (1995), 
Bioma terials , 1 6(7; : 56 9 - 574 ; Yerasnalnu et al. (19941, 
Archives of Biochemistry- and Biophysics, 313(2) :267- 
5 273; Bernatchez et al . >. 1993» , Journal of Biomedical 
Materials Research, 2lJE-± : 6 7 7 - 6 3 1 ; Tan et al . (1990.) , 
Australian Journal of Biotechnology f 4(1) : 3 8 - 43 ; 
Gombotz and Pet tit (1995) , Biocon jugate Chem . , 6:332- 
351; U.S. Patent Nos. 4,582,365, 4,605,691, 4,636,524, 

10 4,713,44 3, 4,716,15 4, 4,716,224, 4,772,419, 4,851,521, 
4,957,774, 4,863,907, 5,128,326, 5,202,431, 5,336,767, 
5,356, 333 ,- European Patent Appl ication Nos . 0 507 604 
A2 and 0 713 3 12 Al ; and WO 96/05345 , the disclosures 
of which are hereby incorporated by reference. 

15 Speci f ic hyaluronan compos i t ions are available from the 
following suppliers: BioMa:rix , Inc. Ridgefield, NJ 
(Synvisc™, a 90:10 mixture of a hylan fluid and hylan 
gel); Fidia S.p.A., Abano Terme, Italy (Hyalgan™, the 
sodium salt of a roost er comb -derived hyaluronic acid 

20 (-500,000 to -700,000 MW ) ) ; Kaken Pharmaceutical Co., 

Ltd. , Tokyo, Japan (Artz™, a 1% solution of a rooster- 
comb derived hyaluronic acid, -700,000 MW) ; Pharmacia 
A3, Stockholm, Sweden (Heal on™, a rooster-comb derived 
hyaluronic acid, -4 x 10' : MW) ; Genzyme Corporation, 

25 Cambridge, MA (Surgic jat™, a recombinant hyaluronic 
acid) ; Pro-nova 3iopoiymer , Inc . Portsmouth , NH 
(Hyaluronic Acid FCH , a high molecular weight (e.g., 
-1.5-2.2 x 10"' MW) hyaluronic acid prepared from 
oultures of Streptococcus zooepidemicus ; Scdium 

30 Kyaluronate MV, -1.0-1.6 x 1 MW and Sodium 

Hyaluronate LV, -1.5-1.2 x 10'' MW) ; Calbiochem- 



No vabi ochem A3 , Laurel f inger. , Swit zer land ( Hyaluronic 
Acid, sodium sale x 1997 company catalog number 365908) 
prepared from Streptococcus sp . ) ; Intergen Company, 
Purchase, NY (a rooster - :omb derived hyaluronic acid, 
5 >1 x 10' MW) ; Diosynth Inc., Chicago, I L ; Amerchol 
Corp., Edison, NJ and Kycwa Hakko Kogyo Co., Ltd., 
Tc kyo , Japan . 

Once the pharmaceutical composition has been 
formulated, it may be stored in sterile vials as a 

10 solution, suspension, gel, emulsion, solid, or a 

dehydrated or lyophilized powder. Such formulations 
may be stored either in a ready-to-use form or in a 
form (e.g., lyophilized) requiring reconstitution prior 
to administration . 

15 In a specific embodiment, the present 

invention is directed to kits for producing a 
single-dose administration unit. The kits may each 
contain both a first container having a dried 
protein and a second container having an aqueous 

20 formulation. Kits included within the scope of this 
invention are single and multi-chambered pre-filled 
syringes; exemplary pre-filled syringes (e.g., liquid 
syringes, and lyosyringes such as Lyo-Ject*, a dual- 
chamber pre-filled lyosynnge) are available from 

2 5 Vetter GmbH, Ravensburg, Germany. 

Us_es 

Truncated sTNFR products may be useful as 
research reagents and as therapeutic and diagnostic 

3 0 agents. Thus the truncated sTNFRs may be used in 

in \ r itro and/or in vivo diagnostic assays to quantify 
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the amount of native sTNFR-I or sTNFR-II in a tissue or 
organ sample c>r to determine and/ or isolate cells which 
express TNF (Seal Ion et al . (1995) , supra) . In assays 
of tissues :r organs there will be less radioactivity 
5 from 12 5 I - truncated sTNFRs binding to TNF , as compared 
to a standardized binding curve of lz!5 I-trunca:ed 
sTNFRs , due to unlabeled native sTNFR-I or sTNFR-I 
binding to TNF. Similarly, the use of 12 5 1 - 1 runcated 
sTNFRs may be used to detect the presence of TNF in 

10 various cell types. 

This invention also contemplates the use of 
truncated sTNFR products in the generation of 
antibodies and the resultant antibodies (specifically 
including those which also bind to native sTNFR-I or 

15 sTNFR-II) . Antibodies can be developed which bind to 
truncated sTNFRs , such as to epitopes within the R±— 

[Cy3 ^ Cya ^^ — R-2 ammo acid sequence or within the R 4.— 
[Cys ^ Cy9' Hr5 '-3 — R-Er— amino acid sequence of the truncated 
sTNFR molecule s describ ed he_r_e clri . One of ordinary 

20 skill in the art can use well-known published 
procedures to obtain monoclonal and polyclonal 
antibodies, or recombinant antibodies, which 
specifically recognize and bind to the various proteins 
encoded by the amino acid sequences of the present 

25 invention. Such antibodies may then be used to purify 
and characterize the full-length, mature 30kDa TNF 
inhibitor and full-length, mature 4CkDa TNF inhibitor. 

The present invention also relates to methods 
for the treatment of certain diseases and medical 

3 0 conditions (many of which can be characterized as 



inflammatory diseases) chat are mediated by TNF . A 
disease or medical condition is considered to be a 
"TNF-mediated disease" if the spontaneous or 
experimental disease is associated with elevated levels 
5 of TNF in bodily fluids or in tissues adjacent to the 
focus of the disease or indication within the body. 
TNF-mediated diseases may also be recognized by the 
following two conditions: (1) pathological findings 
associated with a disease can be mimicked 

10 experimentally in animals by the administration of TNF 
and (2) the pathology induced in experimental animal 
models of the disease can be inhibited or abolished by 
treatment with agents which inhibit the action of TNF. 
Many TNF-mediated diseases satisfy two of these three 

15 conditions, and others will satisfy all three 

conditions. A non- exclusive list of TNF-mediated 
diseases, as well as the related sequela and symptoms 
associated therewith, that each may be treated 
according to the methods of the present invention are 

20 adult respiratory distress syndrome; cachexia/anorexia; 
cancer (e.g., leukemias) ; chronic fatigue syndrome; 
graft versus host rejection; hyperalgesia; inflammatory 
bowel disease; neuroinf lammatory diseases; 
ischemic/reperf us ion injury, including cerebral 

25 ischemia (brain injury as a result of trauma, epilepsy, 
hemorrhage or stroke, each of which may lead to 
neurodegenerat ion) ; diabetes (e.g., juvenile onset Type 
1 diabetes mellitus); multiple sclerosis; ocular 
diseases; pain; pancreatitis; pulmonary fibrosis; 

30 rheumatic diseases (e.g., rheumatoid arthritis, 
osteoarthritis , j uvenile ( rheumatoid) arthritis, 



serene gat; :ve polyarthr:: 1 3 , ankylosing spenciy 1 1:1s, 
Reiser's syndrcr.e and rea::ive arthriris, psoriatic 
arthritis, ent ere pat hie arthritis , polymyositis , 
derma: omyos 1 t 1 s , scleroderma, systemic sclerosis, 
5 vasculitis, cerebral vasculitis, Sjogren's syndrome, 
rheumatic fever, polychondritis and polymyalgia 
rheumatica and giant cell arteritis) ; septic shock; 
side effects from radiation therapy; systemic lupus 
erythematous; temporal mandibular joint disease; 

10 thyroiditis and tissue transplantation. 

The truncated sTNFR products each may be 
administered to a patient in therapeutically effective 
amounts for the treatment of TNF-mediated diseases, as 
defined above, including such as rheumatic diseases 

15 (e.g., lyme disease, juvenile (rheumatoid) arthritis, 
osteoarthritis, psoriatic arthritis , rheumatoid 
arthritis and staphylococcal - induced ( "septic" ) 
arthritis) . The term "patient" is intended to 
encompass animals (e.g., cats, dogs and horses) as well 

2 0 as humans . 

A truncated sTNFR product may be administered 
via topical, enteral or parenteral administration 
including, without limitation, intravenous, 
intramuscular, intraarterial , intrathecal , 

25 intracapsular, intraorbital, intracardiac, intradermal, 
i nt raper i t oneal , t rans tracheal , subcutaneous , 
subcuticular, mt ra-art lcular , subcapsular , 
subarachnoid, intraspinal , intraventricular and 
mt rasternal injection and infusion. A truncated sTNFR 

30 product may also be administered via oral 

administration or be administered through mucus 
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membranes, that is, intranasal ly , subl ingual ly , 
buccally or rectally for systemic delivery. 

It is preferred that truncated sTNFR products 
be administered via mtra-articular , subcutaneous, 
5 intramuscular or intravenous injection. Additionally, 
truncated sTNFR product may be administered by a 
continuous infusion (e.g., constant or intermittent 
implanted or external infusion flow-modulating devices) 
so as to continuously provide the desired level of 

10 truncated sTNFR product in the blood for the duration 
of the administration. This is preferably accomplished 
by means of continuous infusion via, e.g., mini-pump 
such as osmotic mini -pump. In these ways, one can be 
assured that the amount of drug is maintained at the 

15 desired level and one can take blood samples and 

monitor the amount of drug in the bloodstream. Various 
pumps are commercially available, from suppliers such 
as MiniMed Inc, Sylmar, CA (e.g., MT507) and Alza 
Corp., Palo Alto, CA (e.g., Alzet osmotic pump, 

2 0 model 2 ML I) . 

It is also contemplated that other modes of 
continuous or near-continuous dosing may be practiced. 
For example, chemical derivat i zat ion may result in 
sustained release forms of the protein which have the 

25 effect of continuous presence in the blood stream, in 
predictable amounts based on a determined dosage 
regimen . 

Modes of using the truncated sTNFR products 
for the treatment of TNF-mediated diseases, including 
30 inflammatory conditions of a ]omt (e.g., 

osteoarthritis, psoriatic arthritis and rheumatoid 



arthritis' , are set: f o r th in European Patent 
Application 567566, the teachings of which are hereby 
incorporated by reference. By way of example but not 
limitation, in one specific embodiment truncated sTNFR 
5 products may be administered mtra-art lcularly for the 
treatment of rheumatoid arthritis and osteoarthritis. 
By way of example but not limitation in another 
specific embodiment, truncated sTNFR products may be 
administered subcutaneous ly or intramuscularly for the 

10 treatment of rheumatoid arthritis, inflammatory bowel 
disease, cachexia/anorexia or multiple sclerosis. By 
way of example but not limitation, in a still further 
specific embodiment truncated sTNFR products may be 
administered intravenously for the treatment of brain 

15 injury as a result of trauma, epilepsy, hemorrhage or 
stroke; or administered int raventr icular ly for the 
treatment of brain injury as a result of trauma. A 
preferred mode for the treatment of arthritis includes: 
(1) a single int ra-art icular injection of a truncated 

2 0 sTNFR product given periodically as needed to prevent 
or remedy the flare-up of arthritis and (2) periodic 
subcutaneous injections of a truncated sTNFR product. 
The initiation of treatment for septic shock should 
begin as soon as possible after septicemia or the 

25 chance of septicemia is diagnosed. For example, 

treatment may be begun immediately following surgery or 
an accident or any other event that may carry the risk 
of initiating septi: shock. Preferred modes for the 
treatment of adult respiratory distress syndrome 

30 include: (1) single or multiple intratracheal 

administrations of a truncated sTNFR product and (2) 



bclus or continuous intravenous infusion cf a truncated 
sTNFR product . 

In another embodiment, ceil therapy, e.g., 
implantation of cells producing a truncated sTNFR, is 
5 also contemplated. This embodiment of the present 

invention may include implanting into patients cells 
which are capable of synthesizing and secreting a 
biologically-active form of a truncated sTNFR. Such 
cells producing a truncated sTNFR may be cells which do 

10 not normally produce a truncated sTNFR but which have 
been modified to produce a truncated sTNFR , or which 
may be cells whose ability to produce a truncated sTNFR 
have been augmented by transformation with a 
polynucleotide suitable for the expression and 

15 secretion of a truncated sTNFR. In order to minimize a 
potential immunological reaction in patients by 
administering a truncated sTNFR of a foreign species, 
it is preferred that the cells be of the same species 
as the patient (e.g., human) or that the cells be 

20 encapsulated with material that provides a barrier 
against immune recognition, or that cells be placed 
into an immunologically privileged anatomical location, 
such as in the testis, eye or central nervous system. 
Human or non-human animal cells may be 

25 implanted in patients in biocompatible, semi -permeabl e 
polymeric enclosures or membranes to allow release of a 
truncated sTNFR, but to prevent destruction of the 
cells by the patient's immune system or by other 
detrimental factors from the surrounding tissue. 

30 Alternatively, the patient's own cells, transformed ex 
vivo to produce a truncated sTNFR , may be implanted 



directly into the patient without such encapsulation. 
The methodology for the membrane encapsulation of 
living cells is familiar to those of ordinary skill in 
the art, and the preparation of the encapsulated cells 
5 and their implantation in patients may be accomplished. 

In yet another embodiment, in vivo gene 
therapy is also envisioned, wherein a nucleic acid 
sequence encoding a truncated sTNFR is introduced 
directly into- a patient. For example, a nucleic acid 

10 sequence encoding a truncated sTNFR is introduced into 
target cells via local injection of a nucleic acid 
construct, with or without an appropriate delivery 
vector, such as an adeno-associated virus vector. 
Alternative viral vectors include but are not limited 

15 to retrovirus, adenovirus, herpes simplex virus and 
papilloma virus vectors . Physical transfer may be 
achieved in vivo by local injection of the desired 
nucleic acid construct or other appropriate delivery 
vector containing the desired nucleic acid sequence, 

20 1 iposome -mediated transfer, direct injection (naked 

DNA) , receptor- mediated transfer (ligand-DNA complex) 
or micro'part icle bombardment (gene gun) . 

Exemplary cell and gene therapy techniques 
are disclosed in U.S. Patent No. 4,892,538; U.S. 

2 5 Patent No. 5,011,472; U.S. Patent No. 5,106,627; DE 

4219626, WO 94/20517 and 96/22793, the disclosures of 
which are hereby incorporated by reference. 

Regardless of the manner of administration, 
the treatment of a TNF-mediated disease requires a dose 

30 or total dose regimen of a truncated sTNFR effective to 
reduce or alleviate symptoms of the disease. Other 



factors in determining the appropriate dosage can 
include the disease or condition to be treated or 
prevented, the severity of the disease, the route of 
administration, and the age, sex and medical condition 
5 of the patient. Further refinement of the calculations 
necessary to determine the appropriate dosage for 
treatment is routinely made by those skilled in the 
art, especially in light of the dosage information ad 
assays disclosed herein. The dosage can also be 

10 determined through the use of known assays for 
determining dosages used in conjunction with 
appropriate dose-response data. The specific dose is 
calculated according to the approximate body weight or 
body surface area of the patient. 

15 The frequency of dosing depends on the 

pharmacokinetic parameters of the truncated sTNFR in 
the formulation used. The truncated sTNFR may be 
administered once, or in cases of severe and prolonged 
disorders, administered daily in less frequent doses 

20 or administered with an initial bolus dose followed by 
a continuous dose or sustained delivery. When 
administered parenteral ly , parenteral unit doses, for 
example, may each be up to 10 mg, generally up to 15 mg 
and more generally up to 2 0 mg . When administered into 

25 an articular cavity, the pharmaceutical composition is 
preferably administered as a single injection from, for 
example, a 3 to 10 ml syringe containing a dose, for 
example, of between about 5 mg/ml to 10 mg/ml truncated 
sTNFR dissolved in isotonic phosphate buffered saline. 

30 The preparation may be administered into- an articular 
cavity at a frequency, for example, of once every 7 to 



10 days. In such a manner, the administration is 
continuously conducted, for example, 4 to 5 times while 
vary i ng the dose if ne c e s s a ry . 

In some oases, truncated sTNFR products may 
he administered as an adjunct to other therapy and also 
with other pharmaceutical formulations suitable for the 
indication being treated. A truncated sTNFR product 
and any of one or more traditional or new anti- 
inflammatory drugs may be administered separately or in 
combinat i on . 

Truncated sTNFR products (e.g. , — 
R-t — [Cys ^ Cys ^" 9 ^! — R-2- protcino) — and any of one or more 

additional ant i- inflammatory drugs may be administered 
separately or in combination. Information regarding 
the following compounds can be found in The Merck 
Manual of Diagnosis and Therapy, Sixteenth Edition, 
Merck, Sharp & Dohme Research Laboratories, Merck & 
Co., Rahway, NJ (1992) and in Pharmapro j ect s , PJB 
Publ icat ions Ltd . 

Present treatment of TNF-mediated diseases, 
as defined above, including acute and chronic 
inflammation such as rheumatic diseases (e.g., lyme 
disease, juvenile (rheumatoid) arthritis, 
osteoarthritis, psoriatic arthritis , rheumatoid 
arthritis and staphylococcal - induced ("septic") 
arthritis) includes first line drugs for control of 
pain and inflammation classified as non-steroidal, 
anti-inflammatory drugs (NSAIDs). Secondary treatments 
include corticosteroids, slow acting antirheumatic 
drugs (SAARDs) or disease modifying (DM) drugs. 



In a specific enhcdiment, the present 
invention is directed tc the use cf a truncated sTNFR 

product ( e .g. , — R-v — [ Cyg ^ Cy3 ^^ — Rg- prot e in" ' — and any of 
cne or more NSAIDs for the treatment of TNF-mediated 
5 diseases, as defined above, including acute and chronic 
inflammation such as rheumatic diseases (e.g., lyme 
disease, juvenile ( rheumatoid* arthritis, 
osteoarthritis, psoriatic arthri t i s , rheumatoid 
arthritis and staphylococcal - induced ( "sept ic" ) 

10 arthritis); and graft versus host disease. NSAIDs owe 
their anti- inflammatory action, at least in part, to 
the inhibition of pre s t ag land in synthesis (Goodman and 
Gilman in "The Pharmacological Basis of Therapeutics," 
MacMillan, 7th Edition (1985)). NSAIDs can be 

15 characterized into nine groups: (1) salicylic acid 

derivatives; (2) propionic acid derivatives; (3) acetic 
acid derivatives; (4) fenamic acid derivatives; 
(5) carboxylic acid derivatives; (6) butyric acid 
derivatives; (7) ox i cams; (8) pyrazoles and 

2 0 (9) pyrazolones. 

In a specific embodiment, the present 
invention is directed tc the use of a truncated sTNFR 
product -( e.g. , — R^ — [C y s^ Cys ^ 3 ^ — fig. protein) — i n 
combination (pretreatment , post - treatment or concurrent 

25 treatment) with any of one or more salicylic acid 
derivatives, prodrug esters or pharmaceutical]."/ 
acceptable salts thereof. Such salicylic acid 
derivatives, prodrug esters and pharmaceutical ly 
acceptable salts thereof comprise: acet aminosalol , 

30 aloxiprm, aspirin, benorylate, bromosal lgenm , calcium 
acetyl sal i cyl ate , cho 1 ine magnesium trisalicylate 
diflusmal, etersalate, f endosal , gentisic acid, glycol 



salicylate, imidazole salicylate, lysine 
acetyl sal i cylate , rr.esalaT.ine , mrpholine salicylate, 
1-naphthyl salicylate, clsalazine, parsalmide, phenyl 
acetyl sal icylate, p heny 1 sal icy late, sal ace t amide , 
5 salicylamide C -acetic: acid, salsalate and 

sulfasalazine. Structurally related salicylic acid 
derivatives having similar analgesic and anti- 
inflammatory properties are also intended to be 
encompassed by this group. 

10 In a specific embodiment, the present 

invention is directed to the use of a truncated sTNFR 
product (e.g. , — Rq- [Cy o^ Cys *^! — Rg. protein) in 
combination ( pre t reatment , post - treatment or concurrent 
treatment 1 with any of one or more propionic acid 

15 derivatives, prodrug esters cr pharmaceutically 
acceptable salts thereof. The propionic acid 
derivatives, prodrug esters and pharmaceutically 
acceptable salts thereof comprise: alminoprofen, 
benoxaprof en, bucloxic acid , carprof en , dexindoprof en, 

20 fenoprofen, f 1 unoxapro f en , fluprofen, flurbiprofen, 

f urcloprof en , lbuprofen, ibuprof en aluminum, ibuproxam, 
indoprof en , isoprofen, ketoprofen , loxoprofen , 
mi roprof en , naproxen , oxaprozin, pi ketoprofen, 
pimeprofen, pirprofen, pranoprofen, protizinic acid, 

25 pyridoxiprof en, suprofen, tiaprofenic acid and 

tioxaprofen. Structurally related propionic 

acid derivatives having similar analgesic and 

anti - inflammatory properties are also intended to be 

encompassed by this group. 
3 0 In a specific embodiment, the present 

invention is directed to the use of a truncated sTNFR 
p roduc t -( e.g. , — R±— [Cy3 ^ Cys^^j — R^- protein) — in 
combination { pre treatment , post - treatment cr concurrent 
treatment) with any of one or more acetic acid 
35 derivatives, prodrug esters or pharmaceutically 
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acceptable salts thereof . The acetic acid derivatives, 
prodrug esters and pharmaceut ical ly acceptable salts 
thereof comprise : acemetacin, alelof enac , amfenac , 
buf examac , cinmetacin , clopirac , delmetacin , diclofenac 
5 sodium, etodolac , felbina:, f enclof enac , fenclorac , 
fenclozic acid, fentiazac, fur of enac , glucamet acin , 
ibufenac , indcmethac in, is o fez o lac , isoxepac , 
lonazolac, meuazmi: acid, oxametacin, oxpinac, 
pi met acin, prog lume t ac in , sulmdac , talmetacin, 

10 t iaramide , tiopma: , tolmet in , zidometac in and 
zomepirac . Structural ly related acetic acid 
derivatives having similar analgesic and ant i - 
inflammatory properties are also intended to be 
encompassed by this group . 

15 In a specific embodiment, the present 

invent ion is di rected to the use of a truncated sTNFR 
p roduc t (e.g. , — R± — [ C y 3 * gye^^ — fi-g. protein) — in 
combination ( pre treatment , post - treatment or concurrent 
treatment) with any of one or more fenamic acid 

2 0 derivatives , prodrug esters or pharmaceut ical ly 
acceptable salts thereof . The fenamic acid 
der ivat ives , prodrug esters and pharmaceut ical ly 
acceptable salts thereof comprise : enf enamic acid, 
et of enamate , f luf enamic acid, isonixin, meel of enamic 

2 5 acid, meclof enamate sodium, medo fenamic acid, mef anamic 

acid, niflumic acid, talni f lumate , terof enamate , 
t ol fenamic acid and uf enamate . Structurally related 
fenamic acid derivat ives having si mi lar analgesic and 
ant i - inflammatory propert les are also intended to be 

3 0 encompassed by this group . 



In a specific e^bidi^ent , the present 
invention is directed to the use of a truncated sTNFR 
product (e.g. , — R^ — [Cyo ^ Cy g'^ — R^- protein/ — 1 n 
combination (pre: reatment , pest - treatment or concurrent 
5 treatment i with any cf one or more carboxylic acid 
derivatives, prodrug esters or pharmaceut ical ly 
acceptable salts thereof. The carboxylic acid 
derivatives, prodrug esters and pharmaceut i cal ly 
acceptable salts thereof which can be used comprise: 

10 clidanae, diflunisal, flufenisal, incridme, ketorolac 
and tinoridine. Structurally related carboxylic 
acid derivatives having similar analgesic and 
ant i - inflammatory properties are also- intended to be 
encompassed by this group . 

15 In a specific embodiment, the present 

invention is directed to the use of a truncated sTNFR 
product (e.g. , — R^ — [Cys ^ Cy3 1Q ^ — fi-g- protein) — i n 
combination (pretreatment , post-treatment or concurrent 
treatment) with any of one or more butyric acid 

20 derivatives, prodrug esters or pharmaceut ically 
acceptable salts thereof. The butyric acid 
derivatives, prodrug esters and pharmaceut ical ly 
acceptable salts thereof comprise: bumadizon, 
butibufen, fenbufen and xenbucin. Structurally related 

25 butyric acid derivatives having similar analgesic and 
ant i - mf lammatory properties are also intended to be 
encompassed by this group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 

3 0 product ( o . g . , — R-i- — [ Cys ^ Cy s ^^h) — R-g- prot e in) — in 

combination (pretreatment, pest-treatment or concurrent 



treatment 1 with any of one cr mere cxicams, pre drug 
esters or pharniaceutically acceptable salts thereof. 
The cxicams, prcdrug esters and pharma :eut ical ly 
acceptable salts thereef comprise: droxicam, 
5 enolicam, isoxicam, piroxieam, sudcxican, tenoxicam and 
4 -hydroxy 1 - 1 , 2 - benzc t h xa z me 1,1- dioxide 4 - (N -phenyl ) - 
carbc-xamide . Structurally related oxicams having 
similar analgesic and anci- inflammatory properties are 
also intended to be encompassed by this group. 

10 In a specific embodiment, the present 

invention is directed to the use of a truncated sTNFR 
product (e.g. , — &± — [ Cy a ^^Z-y^ 9 ^ — protein ) — i n 
combination (pre treatment , post - treatment or concurrent 
treatment) with any of one or more pyrazoles, prodrug 

15 esters or pharmaceut ically acceptable salts thereof. 
The pyrazoles, prodrug esters and pharmaceut ical ly 
acceptable salts thereof v/hieh may be used comprise: 
difenamizole and epirizcle. Structurally related 
pyrazoles having similar analgesic and anti- 

20 inflammatory properties are also intended to be 
encompassed by this group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
p> roduct v q . g . , — &± — [Cys ^ Cyo ^j — fi^ protein) — i n 

25 combination ( pre t reat ment , post - treatment or concurrent 
treatment) with any of one :r more pyrazolones, prodrug 
esters or pharmaceut i c a 1 ly acceptable salts thereof. 
The pyrazolones, prodrug esters and pharmaceut ically 
acceptable salts thereof which may be used comprise: 

30 apazone, azapropaz one , benzpoperyl on , feprazone, 
mcf ebut a zone , mora zone , oxyphenbut a zone , 



phenylbutazone , pipebuzone , propylphenazone , 
ramif enazcne , suxibuzcne and thiazc-1 inotutazone . 
Structurally related pyrazalcnes having similar 
analgesic and ant i - inf 1 annate ry properties are also 
5 intended to he encompassed by this group. 

In a specific embodiment , the present 
invention is directed to the use of a truncated sTNFR 
product - (e . g . , — Ft-3-— Cys ^ 9 ^!— protein) — 1 n 
combination ( pre t reat men: , post-treatment or concurrent 

10 treatment) with any of one or more of the following 

NSAIDs : s-acetamidccaproic acid, S -adenosyl methionine , 
3 -ammo-4 - hydroxyhutyr ic acid, amixetrine, anitrazaf en, 
antrafenine, bendaza:, bendazac lysinate, benzydamme, 
beprozm, broperamole , bucolome , bufezolac , 

15 ciproquazone, cloximate, daz idamine , deboxamet , 

det omidme , di fenpi r amide , di fenpyr amide , di f i sal amine , 
ditazol, emorfazone, fanetizole mesylate, f enf lumizole , 
f loctaf enine , f lumi zole , f lunixin, f luproquazone , 
f O'pi rtol ine , f os f osa 1 , guaimesal , guaiazolene , 

20 isoinixirn, lefetamine HCl, leflunomide, lofemizole, 

lorifazole, lysin clonixinate, meseclazone, nabumetone, 
nict indole , nimesul ide , orgotein, orpanoxin, 
oxaceprolm, oxapadol , paranylme, perisoxal, perisoxal 
citrate, pifoxime, piprc-xen, pirazolac, pirf enidone , 

25 proquazone, proxazole, thielavin B, tiflamizole, 

timegadine, tolectm, tc-lpadol, tryptamid and those 
designated by company code number such as 480156S, 
AA861, AD1590, AFP602, AFP860, AI77B, AP504, AU8001, 
BPPC, 3W540C, ZHINji:: 127, CN100, EB382, EL508, F1044, 

30 FK-506, GV3658, ITF162, K2NTEI6090, KME4 , LA2851, 
MR714, MRS 97, MY3 09, Oi; 1-3 14 4, PR82 3, PV102, PV108, 



R 3 3 0 , R S 2 1 3 1 , S CR 1 5 2 , S H 4 4 3 , S I R 1 3 3 , S PAS rlC , S Q 2 7 2 3b, 
ST2 S 1 , SY6CC1, 7A-5C, TAI-3C1 v 4 - benzoyl - i - 
mdancarboxylic acid), TVX2706, U6C257, UR2301 and 
WY41770. S:ru:turally related NSAIDs having similar 
5 analgesic and ant i - inflammatory properties to the above 
NSAIDs are also intended to be encompassed by this 
group . 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 

1 0 product (e.g. — R± — [Cyg^ Cys ^ — Rg- protein) — in 

combinat ion (pret r eat men t , post -treatment or concurrent 
treatment) with any of one or more corticosteroids, 
prodrug esters or pharmaceut i ca 1 1 y acceptable salts 
thereof for the treatment of TNF-mediated diseases, as 

15 defined above, including acute and chronic inflammation 
such as rheumatic diseases (e.g., lyme disease, 
j uveni le ( rheumatoid) arthritis, osteoarthritis , 
psoriatic arthritis, rheumatoid arthritis and 
staphylococcal - induced ("septic") arthritis) / and 

20 multiple sclerosis. Corticosteroids, prodrug esters 
and pharmaceut ical ly acceptable salts thereof include 
hydrocortisone and compounds which are derived from 
hydrocort isone , such as 2 1 - ace toxypregneno lone , 
alclomerasone , algest one , amcinonide , beclome thasone , 

2 5 betamethasone, betamethasone valerate, budesonide, 

chloroprednisone , :lobe:asol, clobetasol propionate , 
clobetasone , cl zbet ascne butyrate , clocort clone , 
cloprednol , cort icoster one , cortisone , cort ivazol , 
deflazaccn, des: nide , desoxime rasone , dexame thasone , 

30 difloras-ne, di f luc ort c 1 one , d i f lupredna t e , enoxolone, 
fluazacort, f luci oronide , flume thasone , flume thasone 



pivalat e , f luni sol ide , f luc inc lone acetomde, 
f luce men ide , flu croc mo lone acetcnide , f lucoort in 
butyl , fluo:crtol :ne, f Iuoro:or:olone hexanoace , 
di f iucorto lone va lerate, f luoromet he lone , f 1 u^erolone 
5 acetate, f lupredmdene acetate, f 1 upredni so 1 one , 

f lurandenol ide , formocortal , halcincoide , halometasone , 
halopredone acetate, hydrocor: amat e , hydroc ore is one , 
hydrocort isone acetate , hydro tort i sone butyrat e , 
hydrocort isone phosphate , hydrocortisone 2 1 -sodium 

10 succinate, hydrocortisone tebutate, mazipredone, 

me dry sone , mepredn isone , met hylpredni col one , mometasone 
furcate , parame t hasone , predni carbate , prednisolone , 
prednisolone 2 1 - di edryaminoacet ate , prednisolone sodium 
phosphate, prednisolone sodium succinate, prednisolone 

15 sodium 2 1 -m- sul f obenzoat e , prednisolone sodium 

2 1 - st earoglycolate , prednisolone tebutate , prednisolone 
2 1 - t ri methyl acetate , predni sone , prednival , 
prednyl idene , prednyl idene 2 1 - diet hylaminoacetate , 
t ixocortol , t riamc molone , t riamcmolone acetcnide , 

2 0 triamcinolone bene ton ide and triamcinolone 

hexacetonide . Structural ly related corticosteroids 
having similar analgesic and anti- inflammatory 
properties are also intended to be encompassed by this 
group . 

25 In a specific embodiment , the present 

invention is directed to the use of a truncated sTNFR 
product (e.g. , — &± — [Cys ^ Cyo ^^-j — R^- protein) — l n 
combination f pre t re atment , post - treatment or 
concurrent treatment) with any of one or more 

30 slow-acting antirheumatic drugs (SAARDs) or disease 
modifying antirheumatic drugs ( DMARDS ) , prodrug 



esters or pharmaceut i cal ly acceptable salts thereof 
fcr the treatment of TMF - mediat ed diseases, as defined 
above, including arute and chronic inflammation such as 
rheumatic diseases (e.g., lyme disease, juvenile 
5 (rheumatoid) arthritis, osteoarthritis, psoriatic 

arthritis, rheumatoid arthritis and staphylococcal - 
induced ("septic") arthritis); and multiple sclerosis. 
SAARDs or DMARDS , prodrug esters and pharmaceutical ly 
acceptable salts thereof comprise: allocupreide 

10 sodium, auranof in , aurothioglucose , aurothioglycanide , 
azathioprme , brequmar sodium, bucillamine, calcium 3- 
aurothio- 2 -propanol -l-sul f onate , chlorambucil , 
chloroquine , clobuzar l t , cuproxol ine , cyclophosphamide , 
cyclosporin , dapsone , 15 -deoxyspergual in, diacerein, 

15 glucosamine, gold salts (e.g., cycloquine gold salt, 
gold sodium thiomalate, gold sodium t hiosul f ate ) , 
hydroxychloroquine , hydroxyurea , kebuzone , levamisole , 
lobenzari t , mel i 1 1 in , 6 -mercapt opurine , methotrexate , 
mizoribine, mycophenolat e mofetil, myoral , nitrogen 

20 mustard, D -penici 1 1 amine , pyridinol imidazoles such as 
SKNFS6002 and S3203580, rapamycin, thiols, thymopoietin 
and vincristine. Structurally related SAARDs or DMARDs 
having similar analgesic and ant i - inf lammatory 
properties are also intended to be encompassed by this 

2 5 group. 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 
product ( e .g. , — R± — [Cy a^ Cys ^ 9 ^! — R-g- protein) — i n 
combination (pret reatment , cos t - t reat ment or concurrent 
30 treatment) with any of one or more COX2 inhibitors, 
their prodrug esters or pharmaceut ical ly acceptable 



salts the reef for the treatment of TNF- mediated 
diseases, as defined above, including acute and chronic 
mf lammat icn . Examples of CCX2 inhibitors, prodrug 
esters cr pharmaceutical]. 1 / acceptable salts thereof 
5 include, for example, celeccxih. Structurally 

related C0X2 inhibitors having similar analgesic and 
ant 1 - inf lammatory properties are also intended to be 
encompassed by this group. 

In a specific embodiment, the present 
10 invention is directed to the use of a truncated sTNFR 

product - (e.g. , — Rq- — [Cya ^ Cyo ^^i — Rg- protein) — i n 
combination ( pre t rea tment , post - treatment or concurrent 
treatment) with any of one or more antimicrobials, 
prodrug esters or pharmaceut i ca 1 ly acceptable salts 

15 thereof for the treatment of TNF-mediated diseases, as 
defined above, including acute and chronic 
inflammation. Antimicrobials include, for example, 
ampicill in, amoxycill in, aureomicin, bacitracin, 
ceftazidime, ceftriaxone , cefotaxime , cephachlor , 

20 cephalexin, cephradine, ciprofloxacin, clavulanic acid, 
cloxacil 1 in, die loxac i 1 1 an , erythromycin, 
f lucloxao i 1 lan , gent ami c in , g rami c i din , met hie i 1 lan , 
neomycin, oxacillan, penicil 1 in and vancomycin . 
Structurally related antimicrobials having similar 

25 analgesic and ant l - inf lammatory properties are also 
intended to be encompassed by this group. 

In a specific embodiment , the present 
invention is directed to the use of a truncated sTNFR 
p r o duct ( e .g. , — ft a. — [-^ye^ Cyo ^ 9 ^-} — R-2- protein) — i n 

30 combination ( pret reat ment , post - treatment or concurrent 
treatment) with any of one or more of the following 



compounds for the treatment of TXF-mediated diseases, 
as defined above, including acute and chroni: 
mf 1 ammat ion : granulocyte colony stimulating factor; 
thai idcmide ; BN 50730; temdap; E 5531 ; tiapafant 
5 PCA 4248; nimesul ide ; panavir; rolipram; RP 73401; 
peptide T; MDL 20i,449A; ( 1R , 3 S ) - Ci s - 1 - [ 9 - ( 2 , 6 - 
diaminopurmyl ) ] - 3 - hydroxy - 4 - cyclopentene 

hydrochloride; ( 1R, 3R) -trans-1 - [9- (2 , 6-diamino) purine] - 
3 -acetoxycyclopentane ; ( 1R, 3R) - trans- 1 - [9 -adenyl ) - 3 - 
10 az idocyclopent ane hydrochloride and ( 1R , 3R) - trans - 1 - 
[b-hydroxy-purin-9-yl ) -3 - az idocyclopent ane . 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 

p roduct (e.g. , — R-t — [Cya ^ Cyo - ^ 9 ^ — Rg- protein) — i n 
15 combination ( pre t reatment , post - treatment or 

concurrent treatment) with one or more additional TNF 
inhibitors for the treatment of TNF-mediated diseases, 
as defined above, including acute and chronic 
inflammation. TNF inhibitors include compounds and 
20 proteins which block in vivo synthesis or 

extracellular release of TNF, including the following 
compounds . 

Additional TNF inhibitors include anti-TNF 
antibodies (e.g., MAK 195F Fab antibody (Holler et al . 
25 (1993), 1st International Symposium on Cytokines in 
Bone Marrow Transplantation, 147; CDP 571 anti-TNF 
monoclonal antibody (Rankin et al. (1995), British 
Journal of Rheumatology, 34.: 334 -342, the disclosure of 
which is hereby incorporated hy reference); BAY X 1351 
30 murine anti-tumor necrosis factor monoclonal antibody 

(Kieft et al . (1995), 7th European Congress of Clinical 



Microbiology and Infectious Iiseases, 3, the disclosure 
of which is hereby incorporated by reference); CenTNF 
cA2 anti-TNF monoclonal antibody (Elliott et al . 
il"?94), Lancet, 3_44 : 1 1 2 5 - 1 1 2 7 and Elliott et al . 
5 I.1994), Lancet, 3 4 4 : 110 5-1112, the disclosures of which 
are hereby incorporated by reference) . 

In a specific embodiment, the present 
invention is directed to the use of a truncated sTNFR 

product (e.g. , — R^. — [Cys ^ Cyg "^^ — Rg- protein) — i n 

10 combination ( pret reatment , post - treatment or concurrent 
treatment) with the soluble recombinant human Fas 
antigen or recombinant versions thereof (WO 96/20206 
and Mount z et al . , J. Immunology, 155:4829-4837; and EP 
510 691), the disclosures of which are hereby 

15 incorporated by reference. WO 96/20206 discloses 

secreted human Fas antigen (native and recombinant, 
including an Ig fusion protein) , methods fc-r isolating 
the genes responsible for co-ding the soluble 
recombinant human Fas antigen, methods for cloning the 

20 gene in suitable vectors and cell types, and methods 

for expressing the gene to produce the inhibitors. EP 
510 691 teaches DNAs coding for human Fas antigen, 
including soluble Fas antigen, vectors expressing for 
said DNAs and t rans f ormant s transfected with the 

25 vector. When administered parenteral ly , doses of a Fas 
antigen fusion protein each are generally from 1 
micrograms/kg to 100 mi crograms /kg . 

In a specific embodiment , the present 
invention is directed to the use of a truncated sTNFR 

30 product ( e .g. , — R± — [ Cy g^ Gys ^ 7 ^ 5 "! — Rg- prot e in) — in 

combination (pretreatment, post-treatment or concurrent 



treat me n t ■ w :th a ny o f c: ne or mo re interleukin- 1 
inhibitors fcr the treatment of TXF-mediated diseases, 
as defined above, including acute and chronic 
inflammation such as rheumatic diseases (e.g., lyme 
5 disease, juvenile (rheumatoid) arthritis, 

osteoarthrit i s , psor lat ic arthritis, rheumatoid 
arthritis and staphylococcal -induced ( "septic" ) 
arthritis) ; brain injury as a result of trauma, 
epilepsy, hemorrhage or stroke; and multiple sclerosis. 

10 Classes of interleukm-1 inhibitors include 

interleukin- 1 receptor antagonists (any compound 
capable of specifically preventing activation of 
cellular receptors to IL-1) such as IL-lra, as 
described below; ant i- IL-1 receptor monoclonal 

15 antibodies (e.g., EP 62 3674, the disclosure of which is 
hereby incorporated by reference); IL-1 binding 
proteins such as soluble IL-1 receptors (e.g., U.S. P. 
5,4 92,8 88, U.S. P. 5,4 8 3,0 32, U.S. P. 5,4 64,93 7, U.S. P. 
5,319,071 and U.S. P. 5,130,812, the disclosures of 

20 which are hereby incorporated by reference); anti-IL-1 
monoclonal antibodies (e.g., WO 9501997, WO 9402627, WO 
9006371, U.S. P. 4935343, E? 364778, EP 267611 and EP 
220063, the disclosures of which are hereby 
incorporated by reference); IL-1 receptor accessory 

25 proteins, e.g., WO 96/23067 (the disclosure of which is 
hereby incorporated by reference) and other compounds 
and proteins which block in vivo synthesis or 
extracellular release of IL-1. 

Interleukm-1 receptor antagonist (IL-lra) is 

30 a human protein that acts as a natural inhibitor of 

interleukin- 1 . Preferred receptor antagonists, as well 



as methods cf making and methods of using thereof, are 
described m U.S. Patent Nc . =,075,222 (referred to 
herein as the '222 patent); WO 31/08285; WO 91/17184; 
AU 9173836; WO 31/1622 1; W093/21946; PCT International 
5 Application No- . US97/02131, which teaches a 

pharmaceutical composition comprising (a) an effective 
amount of controlled release polymer (e.g., hyaluronic 
acid) and (b) an effective amount of an IL-lra; WO 
34/06457; WO 94/21275; FR 2706772; WO 94/21235; DE 

10 4219626, WO 94/20517; and WO 96/22793, the disclosures 
of which are incorporated herein by reference. 
The proteins include glycosylated as well as non- 
glycosylated IL-1 receptor antagonists. 

Specifically, three preferred forms of IL-lra 

15 (IL-lraa, IL-lrap and IL-lrax), each being derived 

from the same DNA coding sequence, are disclosed and 
described in U.S. Patent No. 5,075,222 by Hannum et 
al . , entitled M Interleukin- 1 Inhibitors." This U.S. 
Patent, referred to herein as the '222 patent, is 

20 specifically incorporated herein by reference. All 

three of these interleukin- 1 inhibitors possess similar 
functional and immunological activities. Methods for 
producing IL-1 inhibitors, particularly IL-lras, are 
also disclosed in the '222 patent. One disclosed 

25 method involves isolating the inhibitors from human 
monocytes (where they are naturally produced) . A 
second disclosed method involves isolating the gene 
responsible for coding the IL-lras, cloning the gene in 
suitable vectors and cell types, expressing the gene to 

30 produce the IL-lras and harvesting the IL-lras. The 
latter method, which is exemplary of recombinant DNA 



present inversion. In a specific embodiment, an IL-lra 
contains an N- terminal methionyl group as a consequence 
of expression in E. coli . The present invention also 
includes modified IL-lras. The modified I L- Iras 
include, for example, mute ins of such inhibitors in 
which a cysteine residue is substituted for an amino 
acid at one or more sites in the amino acid sequence of 
a natural ly- occurring inhibitor. Such mute ins may then 
be site-selectively reacted with f unc t ional i zed 
polyethylene glycol (PEG) units or other sulfhydryl- 
containing polyethers to create IL-lra PEG species. 
PCT Publication No. WO 92/1622 1 discloses a number of 
modified IL-lra species and methods of making such PEG 
modi f ied inhibitors . 

An additional class of inter leukin- 1 
inhibitors includes compounds capable of specifically 
preventing activation of cellular receptors to IL-1. 
Such compounds include IL-1 binding proteins, such as 
soluble receptors and monoclonal antibodies. Such 
compounds also include monoclonal antibodies to the 
receptors . 

A further class of inter leukin- 1 inhibitors 
includes compounds and proteins which block in vivo 
synthesis and/or extracellular release of IL-1. Such 
compounds include agents which affect transcription of 
IL-1 genes or processing of IL-1 preproteins. 

The abcve is by way of example and does not 
preclude ether treatments to be used concurrently with 
these ant i - inflammatory compounds that are known by 
these skilled in the art or that could be arrived at by 



- iG7 - 

those skilled m the art using the guidelines set forth 
in this speo i f icat ion . 

It is especially advantageous to formulate 
compositions of the additional ant i - inflammatory 
5 compounds in dosage unit form for ease of 

administration and uniformity of dosage. "Dosage unit 
form" as used herein refers to physically discrete 
units suited as unitary dosages for the mammalian 
subjects to be treated, each unit containing a 

10 predetermined quantity of additional ant i - inflammatory 
compounds calculated to produce the desired therapeutic 
effect in association with the required pharmaceutical 
carrier. As used herein, "pharmaceut ically acceptable 
carrier" includes any and all solvents, dispersion 

15 media, coating, antibacterial and antifungal agents, 
isotonic and absorption delaying agents and the like 
which are compatible with the active ingredient and 
with the mode of administration and other ingredients 
of the formulation and not deleterious to the 

20 recipient. The use of such media and agents is well 
known in the art (see for example, Remington's 
Pharmaceutical Sciences , 13th Ed. (1990) , Mack 
Publishing Co., Easton, PA 18042, pages 1435-1712, the 
disclosure of which is hereby incorporated by 

25 reference) . Supplementary active ingredients can also 
be incorporated into the compositions . 

For oral therapeutic administration, the 
additional ant i - inflammatory compound may be 
incorporated with excipients and used in the form of 

30 ingestible tablets, buccal tablets, troches, capsules, 
elixers, suspensions, syrups, wafers and the like, or 



i t T.ay be inc c rpora: e d directly with the feed in the 
diet. The tablets, troches, pills, capsules and the 
like may alsc contain the following: a binder such as 
gum tragacanth, acacia, corn starch or gelatin; 
5 excipients such as dicalcium phosphate; a 

disintegrating agent such as corn starch, algmic acid 
and the like; a lubricant such as magnesium stearate; a 
sweetening agent such as sucrose, lactose or saccharin; 
or a flavoring agent such as peppermint, oil of 

10 wintergreen or cherry or orange flavoring. When the 
dosage unit form is a capsule, it may contain, in 
addition to material of the above type, a liquid 
carrier. Various other materials may be present as a 
coating or to otherwise modify the physical form of the 

15 dosage unit. For instance, tablets, pills or capsules 
may be coated with shellac, sugar or both. Of course, 
any mat er ial used in preparing any dosage unit form 
should be pharmaceutical ly pure and substantially 
non-toxic in the amounts employed. In addition, the 

20 additional ant i - inf lamma t ory compound may be 

incorporated into a sustained- release preparation 
and formulation. The amount of the additional 
anti-inflammatory compound in such a therapeutically 
useful composition is such that a suitable dosage will 

2 5 be obtained. 

For parenteral therapeutic administration, 
each additional anti- inflammatory compound may be 
incorporated with a sterile injectable solution. 
The sterile injectable solution may be prepared by 

3 0 incorporating the additional ant i - inf 1 amma t ory 

compound in the required amount in an appropriate 



pharmaceut ical ly acceptable carrier, with various other 
ingredients enumerated below (required), followed by 
filtered sterilization. In the case of dispersions, 
each may be prepared by incorporating the additional 
5 ant i - inflammatory compound into a sterile vehicle which 
contains the basic dispersion medium and the required 
other ingredients from those enumerated above. In the 
case of sterile injectable solutions, each may be 
prepared by incorporating a powder of the additional 

10 anti-inflammatory compound and, optionally, any 
additional desired ingredient from a previously 
sterile- fi Itered solution thereof, wherein the powder 
is prepared by any suitable technique (e.g., vacuum 
drying and freeze drying) . 

15 The specific dose of the additional anti- 

inflammatory compound is calculated according to the 
approximate body weight or surface area of the patient. 
Other factors in determining the appropriate dosage can 
include the acute or chronic inflammatory disease or 

20 condition to be treated or prevented, the severity of 
the disease, the route of administration, and the age, 
sex and medical condition of the patient. Further 
refinement of che calculations necessary to determine 
the appropriate dosage for treatment involving each of 

25 the above-mentioned formulations is routinely made by 
those skilled in the art . Dosages can also be 
determined through the use of known assays for 
determining dosages used in conjunction with 
appropriate dose - response data. 

3 0 Thus, for example, it is within the scope 

of the invention that doses of the additional 



ant i - inflammatory compounds selected for treating a 
particular acute or chronic inflammatory disease such 
as rheumatic diseases (e.g., lyme disease, juvenile 
( rheumatoid) arthritis, osteoarthritis, psoriatic 
5 arthritis, rheumatoid arthritis and staphylococcal - 

induced ("septic") arthritis) can be varied to achieve 
a desired therapeutic effect. Where one of the 
additional ant i - inflammatory compounds has side 
effects, it can be given to patients during alternate 

10 treatment periods of combination therapy. For example, 
chronic methotrexate treatment is associated with 
gastrointestinal, hepatic, bone marrow and pulmonary 
toxicity (Sandoval et al . (1995), British Journal of 
Rheumatology, 3_4:49-56, the disclosure of which is 

15 hereby incorporated by reference) . 

Tests for monitoring the improvement of a 
disease can include specific tests directed, for 
example, to the determination of systemic response to 
inflammation, which include the erythrocyte 

20 sedimentation rate (ESR) and acute phase reactants 

(APR) . Observations are made of the swelling, etc. of 
the afflicted body parts. Improvement in stiffness, 
and grip (where applicable) , and reduction in pain of 
the patient is also observed. If the patient's 

25 condition is stable, he is re-treated at the same 

dosage weekly and is evaluated weekly. Provided the 
patient's condition is stable, the treatment may be 
continued. After six months of treatment, anatomical 
changes of the skeleton are determined by radiologic 

3 0 imaging, for example by X- radi ography . 



At the end of each period, the patient is 
again evaluated- Comparison of the pre - 1 reatment and 
post - treatment radiological assessment, ESR and APR 
indicates the efficacy of :he treatments. According to 
5 the efficacy of the treatments and the patient's 

condition, the dosage may be increased or maintained 
constant for the duration of treatment. 

Preferably, the present invention is directed 
to a method with, 'Optionally, one of the following 
10 combinations to treat or prevent an acute or chronic 
inflammatory disease and condition, as defined above, 
such as rheumatic diseases (e.g., lyme disease, 
j uvenile ( rheumatoid) arthritis, osteoarthritis , 
psoriatic arthritis, rheumatoid arthritis and 
15 staphylococcal - induced ("septic") arthritis) : a 

truncated sTNFR product (e.g. , — R± — [Cy3 ^ Cya ^^ — Rg-- 
p- rotcin) — and methotrexate; a truncated sTNFR product— 
(e.g. , — Rq- — [ Cy o^ Cys 1 3 4 — Rg- protein) , methotrexate and 
an IL-1 inhibitor, preferably IL-lra; a truncated sTNFR 
2 0 product (e.g. , — R± — [ Cyg ^ Cys 10 ^ — Rg- protein) — and any 
one or more of methotrexate, an immunosuppressant 
(e.g., cyclosporin) , ciprofloxacin, the Fas antigen and 
an IL-1 inhibitor, preferably IL-lra; a truncated sTNFR 

product (e.g. , — R± — [Cys ^ Cya ' 3rQ ^"-j — R-g- protein) — and 
25 methotrexate and an immunosuppressant (e.g., 

cyclosporin) ; a truncated sTNFR product (e.g. , — R^-— 

-f^ye^~ 9 ' ' r y 3 '^^•-j — Rg. protein) — and methotrexate and 
ciprofloxacin; and a truncated sTNFR product ( e .g. , — R^— 
[Cya ^ Cy3 1(;i ^ — Rg- protein) — and methotrexate and an IL-1 
3C inhibitor, preferably IL-lra; a truncated sTNFR product 



(e.g. , R ^ — [ Cy s^* Cys ~ — R-2- protein) — and any one or 
more of methotrexate, sulf hasazine and 

hydroxychloroquine; a truncated sTNFR product — (e.g. , — 
Rq- — [Cya ^ Cyo 1Q ^ — R-2- prot e in) , methotrexate and 
5 hydroxychloroquine; and a truncated sTNFR product— 

(e.g. , — R± — [Cya "^ Cys 1Q3 -j — R^- protein )-, methotrexate and 

sulphasazine . 

In a specific preferred embodiment, the 
method comprises the administration (e.g., mtra- 

10 articular, subcutaneous or intramuscular) of a 

truncated sTNFR product ( e.g., — R± — [Cys ^ Cy3 ^j — R^— 
protein , — opt ional 1 y f ormul ated in a sustained release 
formulation (e.g., hyaluronan) ) optionally in 
combination (pret reatment , post - treatment or concurrent 

15 treatment) with methotrexate and/or an IL-1 inhibitor 

(e.g., IL-lra) and/or the soluble recombinant human Fas 
antigen to treat rheumatic diseases, as defined above 
(e.g., lyme disease, juvenile (rheumatoid) arthritis, 
osteoarthritis, psoriatic arthritis, rheumatoid 

20 arthritis and staphylococcal - induced ("septic") and 
the symptoms associated therewith. 

In a specific preferred embodiment, the 
method comprises the administration (e.g., intravenous 
or intraventricular) of a truncated sTNFR product 

2 5 ( e .g., — R-j. — [ C y 3 ^ C y s — R ^ pr o t ein, — o ptionally 

formulated in a sustained release formulation (e.g., 
hyaluronan)) optionally in combination (pret reatment , 
post - 1 reatment or concurrent treatment) with tissue 
plasminogen a:tivator and/or an IL-1 inhibitor (e.g., 

30 IL-lra) to treat brain injury as a result of trauma, 



epilepsy, hemorrhage or stroke , ea:h of which may lead 
to neurodegenerat ion . 

In a specific preferred embc diment , the 
method comprises the administration (e.g., subcutaneous 
5 or intramuscular) of a truncated sTNFR product ( e.g. , — 
R_3_ — q y g -h^-^. — ^ protein , — op tionally fo r mu 1 a t e d i n 
a sustained release formulation (e.g., hyaluronan) ) 
optionally in combinat ion ( pret rea tment , post - treatment 
or concurrent treatment) with one or more of a 
10 corticosteroid, cyclosporin, FK-506, or an interferon 
(e.g., alpha interferon, beta interferon, gamma 
interferon or consensus interferon) and/or IL-lra to 
t reat mul t iple sol eros is . 

In a specific preferred embodiment, the 
15 method comprises the administration (e.g., subcutaneous 
or intramuscular) of a truncated sTNFR product ( e.g. , 

— [ C y o ^ C y a — R.^ protein, — optional ly formulated in 
a sustained release formulation (e.g., hyaluronan)) 
optionally in combination (pretreatment , post - treatment 
2 0 or concurrent treatment) with G-CSF and/or IL-lra to 
treat inflammatory bowel disease. 

In a specific preferred embodiment, the 
method comprises the administration (e.g., subcutaneous 
or intramuscular) of a truncated sTNFR product ( e.g. , — 

2 5 &± — [Cys^ Cya 103 -} — R^ protein, — optionally formulated in 

a sustained release formulation (e.g., hyaluronan)) 
optionally in combination (pretreatment, post - treatment 
or concurrent treatment) with leptin, Marinol™ or 
Megaoe' v to treat c a chexi a/ anorexia . 

3 0 In a specific: preferred embodiment, the 

method comprises the administration (e.g., 



subcutanecus, intraventricular cr intrathecal) of a 
truncated sTNFR product ( o . g . , — rt^_ — [ Cya ^ Cyg 1 <=) ^ -j — R^- - 
protein , — optionally formulated in a sustained release 
fcrmulation (e.g., hyaluronan) ) optionally in 
5 combination (pretreatment, post - treatment or concurrent 
treatment) with an NSAID (e.g., indomethacin ) and/or an 
IL-1 inhibitor (e.g. IL-lra) to treat Alzheimer's 
disease . 

In a specific preferred embodiment, the 
10 method comprises the administration (e.g., 

subcutaneous, intraventricular or intrathecal) of a 

truncated sTNFR product ( e.g. , — &± — [Cys ^ Cys ^^-j — R^— 
protein, — optionally formulated in a sustained release 
formulation (e.g., hyaluronan)) optionally in 

15 combination (pretreatment, post - treatment or concurrent 
treatment) with a soluble recombinant human Fas antigen 
to treat cancer (e.g., leukemias); diabetes (e.g., 
juvenile onset Type 1 diabetes mellitus); graft versus 
host rejection; hepatitis; ischemic/ reperf usion injury, 

20 including cerebral ischemia (brain injury as a result 
of trauma, epilepsy, hemorrhage or stroke, each of 
which may lead to neurodegenerat ion) ; neuroinf lammatory 
diseases; rheumatic diseases, as defined above (e.g., 
lyme disease, juvenile (rheumatoid) arthritis, 

25 osteoarthritis, psoriatic arthritis, rheumatoid 

arthritis and staphylococcal - induced ("septic") and 
t i ssue t ransplant at i on . 

Other aspects and advantages of the present 
invention will be understood upon consideration of the 

5 0 following illustrative examples. 



EXAMPLES 



Standard methods for many cf the procedures 
described in the following examples, or suitable 
5 alternative procedures, are provided in widely 

recognized manuals of molecular biology such as, for 
example, Sambrook et al. (19c9>, supra and Ausubel 
et al . (1930), supra. For the reader's convenience, 
u mL" refers to milliliters, "L" refers to liters. 

10 

Exa mple I 

The following example teaches the production 
of various forms of truncated, recombinant soluble 

15 TNFR - I : NH^- MBS VC POCKY 1 IIPQNNG E€ — hCye^ 9 Cya ^ 9 ^-] — FC COOH 
-^sTNFR-I 2 . 6D/C10 5-)-; NH-g- MDGVCPQGKY IIIPQNNS IC — [Cys ^- 
Gyn+^i — FNCGL COOH — fsTNFR-I 2 . 6D/C10 6->-; NH-2-— 
MDSVCPQGKYIHPQNNS IC — [Cyo ^ Cyo ^ — FN COOH — f sTNFR- I 
2 . 6D/N1 0 5+- ; NH^- MYIHPC'NNGIC [Cys ^ Cyg ^ — FNCGL COOH 

20 -fsTNFR - 1 2.3D/d3-K NH^ M [Cys ^ CyG ^^ ] FNCGL COQII 

4sTNrR - I 2.3D/dl3-)- and NH^ MGIG — ^Gye^ Cya ^ — FNCGL 
COOH — fsTNFR-I 2 . 3D/dl5-K 

A. Preparation of DNA : 

2 5 1 . sTNFR - 1 2 . 6D/ C106 

?CR amplification sTNFR- 1 2.6D/C106 is 

carried cut using as a template a cloned cDNA derived 
from the clone lambda -gt 10 7ctnf bp (SP 422339) and the 
following PGR primers: 

30 

5' OLIGO#l: i'SE5 ID NO : ^&17 ) 

5 ' -GGTTAGCCATATGGACAGCGTTTGCCCCCAA- 3 ' 

3' DLIGj#2: <"SE~> ID NO :^918 ) 

3 5 5 ' - G ZCAA3CTTTTACAGAGAG ZAATTGAAGCACTG - 2 * 



CLIGC#1 and CLIGC#2 encode Ndel and Hindi 1 1 
and anneal to :he 5' and 3' end of the truncated gene, 
respectively. PCR amplification is run for 25 cycles; 
5 each cycle consisting of 30 seconds at 94 °C for 

denaturation, 15 seconds at 55°C for annealing, and 1 
minute at 72°C for elongation [Model 2400 thermocycler 
(Perkin-Elmer Cetus, Norwalk, CT) ] . The PCR product is 
purified using a QIAquick™ PCR Purification Kit 

10 (QIAGEN, Chatsworth, CA) according to the 

manufacturer's instructions. The purified PCR product 
is cut with Ndel and Hindi 1 1 then gel purified using 
the QIAquick™ Gel Extraction Kit (QIAGEN, Chatsworth, 
CA) according to the manufacturer's instructions. The 

15 gel isolated PCR product is ligated into pAMGll (WO 

95/26746) and transformed into FM15 E . coli cells (ATCC 
55765) . 

2 . sTNFR-I 2 .6D/C105 
20 PCR amplification of sTNFR-I 2.6D/C105 is 

carried out using the sTNFR- I 2.6D/C106 plasmid DNA as 
a template and the following PCR primers: 

OLIGO#3: (SEQ ID N0:^lj|) 
2 5 5 ' - ACTCGA GGATCCGCGGATAAATAAGTAACGATCCGGTCCA - 3 * 
OLIGO#4 : (SEQ ID NO : ^4r2 0 ) 

5 ' -CAGGTCGGATCCTATCAGCAGAAGCACTGGAAAAGGTTTTC-3 ' 

OLIGO#3 and OLIGO#4 encode BawRI and mutation 
30 N(105)C followed by a stop codon. The OLIGOS are 

designed to extend completely around the template for 
incorporation of the new BamKI site for ligation. PCR 
amplification is run for 35 cycles; 10 cycles, each 
cycle consisting of 10 seconds at 92°C for 
35 denaturation, 3 0 seconds at 55°C for annealing, and 4 
minutes at 68° I for elongation followed by 25 cycles, 
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each cycle consisting of 1] seconds at 92°C for 
denaturat ion , 3 3 seconds at 55 D C for annealing, and 4 
minutes + 2C seconds at 68 D Z for elongation [Model 2400 
thermocycier (Perkin-Elmer Zetus, Norwalk, CT) ] . The 
5 PCR product is gel purified using the QIAquick™ Gel 
Extraction Kit (CIAGSN, Chacsworth, CA) according to 
the manufacturer's instructions, cut with Ba/nHI , 
phenol/chloroform extracted and ethanol precipitated. 
It is then resuspended, ligated into pAMGll, and 
10 transformed into FM15 E . cdII cells. 

3 . sTN FR- I 2 . 6D/N 105 

PCR amplification of sTNFR-I 2.6D/N105 is 
carried out: using the sTNFR-I 2.6D/C106 plasmid DNA as 
15 a template and the following PCR primers: 

5' OLIGO#5: (SSQ ID NO:^2JL) 
5 * - GGTTAGCCATATG 3ACAGCGTTTGCCCCCAA- 3 1 
3' OLIGO#6: ( SEQ ID NO:^o2j 
2 0 5 ' -CGCGGATCCCTATTAATTGAAGCACTGGAAAAGG- 3 ' 

OLIGO&5 and 0LIG0#6 encode iVdel and BamKI and 
anneal to the 5* and 3' end of the truncated gene, 
respectively. PCR amplification is run for 30 cycles; 
25 each cycle consisting of 45 seconds at 95°C for 

denaturat ion, one minute at 65°C for annealing, and two 
minutes at 72°C for elongation [Model 2400 thermocycier 
(Perkin-Elmer Cetus, Norwalk, CT)] . 

The PCR product is purified using the 
30 Wizard™ DNA Clean-Up System (Promega, Madison, WI ) 
according to the manufacturer's instructions. The 
purified PCR product is cut with TVdel and Ba/nHI, 
phenol / chl crof crm extracted and ethane! precipitated. 
It is then resuspended, ligated into pAMGll and 
35 transformed into FM15 E. coli cells. 



Based upcn the description of the present 
invention, these of ordinary skill in the art will 
appreciate that a variety of materials and methods may 
readily be used or adapted for suitable expression in a 
5 host cell ''e.g., E. ooli and other bacteria) . 

4 . sTNFR 2,3D/dl 8; sTNFR -I 2 . 3D/d8 and sTNFR - I 

2 . 3D/dl5 

PCR amplification of 
10 I 2 . 3D/dS and sTNFR- I 2.3D/dl5 
using 2.6D/C106 piasmid DNA as 
following PCR primers: 

sTNFR-I 2.3D/d3 PCR Primers: 

15 

5' OLIGO#7: ( SEQ ID NO : ^2 3 ) 

5 1 - CCCCATATGTATATCCACCCTCAAAATAAT - 3 ' 
3' OLIGO#8: (SEQ ID NO : 7^24_ ) 
5 ' -CCCAAGCTTTTACAGAGAGCAATTCAAGCACTG-3 ' 

20 

sTNFR-I 2.3D/dl5 PCR Primers 
5' OLIGO#9: (SEQ ID NO : ^2 5 ) 

5 ' - CCCCATATGTCGATTAGCTGTACCAAGTGCCACAAAGG - 3 ' 
25 3' OLIGOttlO: (SEQ ID NO : 7^-2 6 ) 

5 ' - CCCAAGCTTTTACAGAGAGCAATTGAAGCACTG - 3 ' 

sTNFR-I 2.3D/dl3 PCR Primers 

3 0 5' OLIGOttll: ( SEQ ID NO : 7^80 7 J 

5 1 - CCCCATATGTGTACCAAGTGCCACAAAGGA - 3 ' 
3' OLIGO#12: ( SEQ ID NO : 7^92 8 ) 
5 1 - CCCAAGCTTTTACAGAGAGCAATTGAAGCACTG - 3 ' 

35 OLIGC#7, 3LI20#9 and OLIGO#ll each encode 

iVdel and OLIGj#8, OLI 31 #1 0 and OLIGO#12 each enccde 



sTNFR - I 2 . 3D/dl8 ; sTNFR- 
are each carried out 
a template and the 
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HindllZ . PCR amplifications are run for 25 cycles; 
each cycle :cns:s:;ng cf 45 seconds at 95 D C for 
denaturation, 1 minute at -55°C for annealing, and 2 
minutes at 72 °C for elongation [Model 2400 thermocycler 
5 (Perkin-Elmer Cetus, N:rwal>, CT) ] . The PCR products 
are purified using the Wizard™ ENA Clean-Up System 
(Promega, Madison, WI i according to the manufacturer's 
instructions. The purified PCR products are cut with 
Ndel and Hindi 1 1 , phenol /chloroform extracted and 
10 ethanol precipitated. They are resuspended, ligated 
into pAMGll, and transformed into FM15 E. coli cells. 

B. Production in E . coli: 

Initially, one small freshly cultured inocula 

15 of the desired recombinant E. coli clone harboring the 
desired construct for sTNFR- I 2.6D/N105, sTNFR-I 
2.6D/C105 sTNFR-I 2.5D/C106, sTNFR 2.3D/dl3, sTNFR - I 
2 . 3D/dS and sTNFR- I 2.3D/dl5 is started by transferring 
the entire contents of a frozen glycerol stock seed 

20 ampule (ca. 1.5 mL) into a 2 L flask containing 500 mL 
of Luna broth. The culture is incubated in a gyratory 
shaker at 37°C operating at 350 rpm . The density of 
the culture is determined by measuring absorbance at 
660 nm (OD^eo) • The seed culture is grown to a density 

25 of > 2 . 0 ODseO , at which time 125 mL is aseptically 

transferred to the 15 E production fermentor containing 
10 L of sterile growth medium. 

The batch medium and fermentation conditions 
for the production fermentation are the complex medium 

30 fermentation conditions as described by Sniff (1993), 
"A Chemically-Defined Medium for the Overproduction of 
a Recombinant Protein in E. coli," thesis, Colorado 
State University. Generally, the reference teaches the 
use of a complex medium containing casein hydro ly sate, 

35 salts, glycerin and antifoam, which are sterilized in 

the fermentor. After the tank is cooled to below 40°C, 



ny a r o cn.criae are aaaea. 

When the medium temperature is stable at 
37°C, the medium is inoculated with the seed culture. 
5 Culture grcwch is mcnitcred by measuring OD^q. The 

culture is maintained at a pH of 6.0 by the automatic 
addition of 5- M scdium hydroxide and 5 M hydrochloric 
acid. When the OZj^q is between 9.5 and 10.5, the 

culture is induced by the aseptic addition of sterile 
10 isopropyl - D thi ogalact opyranos ide (IPTG) to a final 

concentration of C.50mM. The culture is harvested upon 
cessation of growth. 

The culture medium and growth conditions are 
as described by Sniff (1993), supra, with the following 
15 exceptions: ammonium sulfate (2.0 g/L) and L-cysteine 
hydrochloride monohydrate (1.0 g/L) are added to the 
medium; tetracycline hydrochloride is omitted from the 
medium; the pH is maintained at 6.0 with sodium 
hydroxide and hydrochloric acid, rather than at 7.0 

2 0 with only sodium hydroxide; the growth temperature is 

increased to 3 7 C C; :he inducer concentration has been 
increased from C.15mM to 0 . 50mM IPTG; and the harvest 
criteria is based on cessation of growth rather than 
time after induction. 
25 At the completion of the fermentation, the 

cells are harvested in cent ri fugat ion in 500 mL 
bottles. The cells are pelleted by cent ri fugat ion at 
10,000 rpm for 3 0 minutes. The recovered cell paste is 
diluted to 15% solids in a breaking buffer composed of 

3 0 5 0mM Tris and 5mM EDTA at pH 8.0. The suspended cells 

are then lysed by passing the solution through a 
homcgenizer (A?V Gaulm, Inc., Everett, MA) operating 
at 8 0 0 C ps l pressure three t lmes . The homogenat e i s 
then :ent rifuged at 10,I1C rpm fcr 30 minutes to 
35 re r ever the inclusion bodies (IBs) . The IBs are washed 
by re suspending in breaking buffer and centrifugmg the 



solution a third tine at 11,000 rpm for 30 minutes. 
The 13s are resuspended m deicmzed water (1:1 ratio) 
and centrifuged a final time ar 10,000 rpm for 30 
minutes for the seocnd wash. The recovered, washed 
5 inclusion bodies fo<r each protein are ready for 

solubilization, refo-ld and purification. Each run 
yields approximately 200-2SCg of IBs. 

In an alternative embodiment, the truncated 
sTNFR-1 may be fermented as follows: 

10 Initially, a small freshly cultured inoculum 

o-f the desired recombinant E. coli clone harboring the 
desired construct for sTNFR-I 2.63/N1C5 or sTNFR-I 
2.6D/C106 is started by transferring the entire 
contents of a frozen glycerol stock seed ampule (ca. 

15 1.5 mL) into a 2 L flask containing 500 mL of 10 g/L 

B3L yeast extract, pH 7.0. The culture is incubated in 
a gyratory shaker at 3 3°C operating at 3 00 rpm. The 
density of the culture is determined by measuring 
absorbance at 600 nm (ODgoo) • The seed culture is 

20 grown to a density of _> 2 . 0 ODgoo, at which time it is 
aseptically transferred (30 mL) to the 15 L production 
fermentor containing 7 L of sterile growth medium. 

The production fermentation employs a fed- 
batch process. The batch medium is a complex medium 

25 containing yeast extract, salts, and ant if cam, which 
are sterilized in the fermentor. After the tank is 
cooled to below 40°C, filter sterilized trace minerals, 
glucose, magnesium sulfate, and hexamet aphosphate are 
added. Two feeds are employed, the first being a carbon 

30 containing feed (glucose/magnesium sulfate) and the 
second a nitrogen feed containing yeast extract. 

When the batch medium temperature is stable 
at 33°C, the medium is inoculated with the seed 
culture. Culture growth is monitored by measuring 

35 ODsoO- The culture is maintained at a pH of 7.0 by the 
automatic addition of ammonium hydroxide and 48.7% 



feed I is initialed using an exponential feed rate. 
When the CO.. . is between 3 0 and 40, feed 2 is initiated 
using a constant feed rate. When the CD, ::: reached 67- 
5 S3, the culture is induced by the aseptic addition of 
sterile antomducer ( homoser me lactone) to a final 
concentration of 0.6 mg/L. Both feed I and II rates are 
changed to a constant rate at induction. The culture 
is harvested at 16 ± 2 hrs post induction.. 

10 At the completion of the fermentation, the 

cells are harvested in cent ri fugat ion in 500 mL 
bottles. The cells are pelleted by cent ri fugat ion at 
10,000 rpm for 30 minutes. The recovered cell paste is 
diluted to 15% solids in a breaking buffer composed of 

15 50 mM Tris and 5 mM EDTA at pH 8.0. The suspended 

cells are then lysed by passing the solution through a 
homogenizer (APV Gaulm, Inc., Everett, MA) operating 
at 8000 psi pressure three times. The homc>genate is 
then centrifuged at 10,000 rp>m for 30 minutes to 

20 recover the inclusion bodies (IBs) . The IBs are washed 
by resuspending in breaking buffer and centrifuging the 
solution a third time at 10,000 rpm for 30 minutes. 
The IBs are resuspended in deionized water (1:1 ratio) 
and centrifuged a final time at 10,000 rpm for 30 

25 minutes for the second wash. The recovered, washed 

inclusion bodies are ready for solubilization, refold 
and puri f i cat ion . 



C . Solubi 1 i zat ion/Refold : 
30 The washed IBs from each entire 10 L 

fermentation are solubilized in 500 mL of 
solubilization buffer (50mM Tris, 8M Urea, 160mM 
cysteine pH9.5) . The pH of the solubilization mixture 
is adjusted to 9.5 with 10N UaDH and allowed to stir at 
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rcom temperature for 2-3 hours . Each run yielded 
approximately 2 0 0 - 2 5 Og of IBs . 

Each solubi 1 lzaticn mixture is diluted 1:20 
ir.to cold Renaturation Buffer (50mM Tris, 1 . 1M Urea) . 
5 Each final volume is about 16 L . Thereafter each 

mixture is adjusted to pH 9.7 with 6N HCl , and slowly 
stirred at 4°C for 2-3 days. 

The cH of each mixture is t hen adjusted to 
5.0 with glacial acetic arid and 6N HCl . In each 
10 mixture a precipitate is formed which is removed by 

centri f ugat ion at 10,000 X g on a Beckman Model J2-HS 
centrifuge. Each material is then filtered through a 
5/^m and a 0.22/jm filter. 



15 D . Pu rif icat ion : 

The refold materials are ready for column 
pur i f icat ion on an IX- 1 SP- Sepharose Big Bead™ column 
(Pharmacia Biotech, Inc., Piscataway, NJ) . 



2 0 IX- 1 S P-Sepharose Big Bead™ column (4.4 cm x 2 0 cm) 

Buffer A Bu ffer B 

25mM Acetate 25mM Acetate 

50mM NaCl 375mM NaCl 

pH5.0 pH5.0 



A column is equil i bra ted with 4-5 column 
volumes Buffer A prior to separate loadings of each 

25 refold material. The refold materials are separately 
loaded onto the column for purification. For each 
loading, the column is leaded with no more than twelve 
grams of protein per liter of resin. For each loading, 
the column is then washed with 3-4 column volumes of 

3 0 Buffer A (until U.V. returned to baseline) . For each 
loading , protein is eluted of f the c : lumn us mg a 
1 i near eight column volume increasing salt gradient 



running from 50-375mX NaCl . The entire protein peak 
for earn leading is cc lie c ted in:c one pool. The 
collection of each protein teak is started when the 
U.V. absorbance rose to about 20% of peak maximum. 
5 Pooling is stopped when the earlier of either the U.V. 
absorbance reached about 5 0% of peak maximum or the 
absorbance stops deel ining . 

Flowrate - 7.5 cv/hr for the Equilibration, wash 

10 15 cv/hr for the lc>ad 

6 cv/hr fc>r the elucion 
Each column purification is run at 4°C. 

Each IX- 1 pood is ready for purification on a 
15 Toyo Pearl™ Butyl 650M HIC column (Toso Haas, 
Philadelphia, PA) . 



300 m L - Toyo Pe arl Buty l ™ £5 0M c ol umn (4.4 cm x 20 
cm). 

20 

Buffe r A Dilution B uffer Buffer B 

2 0mM MaPQ4 4 0mM Na NaP04 Milli Q H2O 

1 . SM NaCl, pH6 . 0 4K KaClpH6 . 0 



The column is equilibrated with 4-5 column 
volumes c>f Buffer A prior to separate loadings of each 
IX- 1 pool material. Each IX- 1 pool is diluted 1:1 with 

25 Dilution Buffer and the pH adjusted to 6.0. For each 

beading, the diluted IX- 1 pool is loaded onto a column. 
For each loading, the column is loaded with no more 
than ten grams C'f protein per liter of resin. For each 
loading, the column is washed with 3 column volumes of 

30 buffer. For each Loading, protein is eluted off the 
column with a linear eight column volume decreasing 
salt gradient running from 1 . SM NaCl to H2O. The 

collection of each prooem peak is started when the 



t J . V . absorbance rose :o about: 15-20% cf peak maximum. 
Pooling is stepped when the earlier of either the U.V. 
ahscTbar.ee reached about 5 0% of peak maximum or the 
absorbance steps declining. 

Flowrate - 6 cv/hr for the equilibration, load and wash 

3 c v / h r for the eluti en 
Each column purification is run at room temperature. 

10 Each HIC pool is ready for concentration/ 

diaf i It rat ion . 

Concentration/ Diaf i 1 1 rat ion ( C/D ) 

A 1 sq ft PLCC™ regenerated cellulose 
5,000 M.W. cutoff membrane (Milli-Pore, Bedford, MA) is 
used for the C/D step for each HIC pool. Each HIC pool 
is concentrated down to around 200 mL and then 
diafiltrated against 6-7 volumes of 20mM NaPC>4 pH6 . 0 

until the conductivity is < 4mm hour. 

Each concentration/ diaf iltration step is done at room 
temperature . 

Each C/D pool is then ready for purification 
25 on an IX-2 - 365 mL SP-Sepharose HP™ column (Pharmacia 
Biotech, Inc., Piscataway, NJ) . 

IX-2 - 3 65 mL 5P-Sepharose HP™ column (5 cm x 18.5 cm) 

Ecfui 1 i brat i on 
Buffer 

2 0mM Na NaPu4 
pH6 . 0 

3 0 

The 

volumes Equil 



15 



2 0 



B uffer A Buffer B 

20mM NaP04 20mM NaP04 

pH6.3 50my NaCl pH6 . 8 

:olumri is equilibrated with 4 column 

nor to separate load mas 



of each Z/Z peel . Each Z/Z pocl is leaded onto the 
column usir.g no rr.ore then eight grams of protein per 
liter of resin. For each loading, the column is washed 
with 3 column volumes Equilibration Buffer followed by 
5 3 column volumes Buffer A. For each loading, protein 
is eiuted o-ff the column with a linear eight column 
volume gradient consisting of a pH gradient from 6.3 - 
6.8 and a salt gradient running from 0 - 5 0mM NaCl 
(Buffer 3). Pooling is started at 1.0 O.D. up the 
10 front side of the peak and stopped at 50% of the peak 
max on the back s ide . 

In an alternative embodiment, the truncated 
sTNFR-1 may be solubilized, re-folded and purified as 
foil lows : 

15 

C . 1 So lub i 1 i zat ion/Ref old : 

The washed IBs are solubilized with 8M urea, 
60mM Tris, lOOmM cysteine tc> give a final concentration 
of 6.5 M urea, 50mM Tris and 6 0mM cysteine, pH 9.4 and 

20 5 - 10 mg/mL truncated sTNFR-1. (The latter is based 

on a quantitation of the amount of truncated sTNFR-1 in 
washed IBs on a g/L basis.) The material is allowed to 
stir at room temperature for 90 minutes and is then 
refolded by diluting 1:10 into cold (4-8 °C) 0.85M 

25 urea, 50mM Tris, pH 9.8 (pH measurement taken at 4 - 8 
°C) . 

The refodd solution is allowed to stir for 24 
- 72 hours at 4 - 8 °C. At the end of this time, 
glacial acetic acid is added (~ 20mM) and the pH is 
30 adjusted to 5.0. The precipitate that forms is removed 
by centrifugation and the supernatant saved for loading 
the first column. 

D . 1 Puri f i cat ion 

35 The clarified acid precipitation pool is 

loaded onto an £?-Seoharose Bia 3ead' 1M column 



; Pharmacia Biotech, Inc., Piscacaway, NJ: chat has been 
equilibrated with 2 0mX sodium acetate, 75mX NaCl, pH 
5.0. The column is loaded with no more than 15 g 
truncated sTNFR-1 per L bed volume. After loading the 
5 column is washed with 3 column volumes of 2 0mM sodium 
acetate, 75mM XaCl , pH 5.0 and eluted with a linear 9 
column gradient from 7 5mM to 4 5 0mM NaCl in 2CmM sodium 
acetate, pH 5.0. The entire SP-Sepharose Big Bead™ 
column (SP-BB) step is run at 4 - 8 °C. 

10 The SP-BB pool is diluted 1:1 with 2M NaCl, 

6CmM acetate, pH 4.5 and the pH adjusted to 4.5 if 
necessary. The diluted SP-BB pool is loaded on to a 
Toyopearl™ Butyl 6 BOM column (Toso Haas, Philadelphia, 
PA) that had been equilibrated with 1M NaCl, 30mM 

15 acetate, pH 4.5. The column is loaded with -10-13 

grams of truncated sTNFR-1 per liter bed volume. After 
Trading, the column is washed with 3 column volumes of 
1Y NaCl, 3 0mM acetate, pH 4.5 and eluted with a linear 
3 column volume gradient of 1M - 0M NaCl in 3 0mM 

2 0 acetate , pH 4.5. 

The purified truncated sTNFR-1 fractions from 
the Butyl 650M column are pooled, diluted 1:5 with 
water and loaded onto an SP-Sepharose High 
Performance™ column (SP-HP) (Pharmacia Biotech, Inc., 

25 Piscataway, NO that has been equilibrated with 30mM 
acetate, pH 4.5 (loading no more than ~ 15 g/L bed 
volume) . The column is then washed with 3 column 
volumes of 3 0mM acetate, pH 4 . 5 and eluted with a 
linear 12 column volume gradient going from lOOmM to 

30 4 0 0mM NaCl in 30mM acetate, pH 4.5. The purified 

truncated sTNFR-1 fractions are pooled and adjusted to 
pH 5.0 with NaOH . 

C . PEGylat ion : 

3 5 1 . Preparation of sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) . 



To a coded 4 °C; , s:irred solution of 
sTNFR - 2 . 6P/N1 0 5 (3.5 mg/ml) in 50mM sodium acetate, pH 
4, is added a 3 -fold molar excess of t-3u?EG (mono-t- 
butoxy-polyethyl ene glycc 1 , average MW=3 3 >:Da , 
5 Shearwater Polymers, Inc.). Na 1NBH 3 13 added to a final 

concentration of 2 0mM, and the reaction mixture is 

stirred at 7 : C for 13-24 hours. 

The extent of the protein modification during 

the course of the reaction is monitored by SEC HPLC 
10 using a TSKG3 0 0 0 sw,. column (Toso Haas, 

Montgomeryvi 1 le , PA) eluting with 0.1 M sodium 

phosphate buffer pH 6 . 9 , 0 . 5M NaCl , and 10% ethanol at 

0.7 ml/mm (Toso Haas, Montgomeryville, PA) . 

The pK of the reaction mixture is adjusted to 
15 ca . 3.5 with 1M HC1 , and the reaction mixture is 

diluted with water to a final protein concentration of 

1 . 5 mg/ ml . 

sTNFR-I 2 . 6D/N1 05 -t-BuPEG (33kDa) is separated 
from the excess o f t -BuPEG and other react ion by- 

20 products by using a SP Sepharose HP 16/10' [M ion- 
exchange chromatography (Pharmacia Biotech, Inc., 
Pi scat away, KJ) . 

The reaction mixture is loaded onto the 
column and the unreacted t -BuPEG is eluted with 3 

25 column volumes of the starting Buffer A (20mM sodium 

acetate, pH 4.0). The sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3kDa ) 
is eluted using a linear 20 column volume gradient from 
0-30% Buffer B ( 1M NaCl in 2 0mM acetate, pH 4.0. The 
eluent is monitored at 260 nm. Each fraction containing 

30 sTNFR-I 2 . 6D/N 1 0 5 - t - BuPEG (33kDa) is analyzed by SDS- 
PAGE using 4-20% precast gradient gels (Novex, San 
Diego, CA) . Based on SDS-PAGE analysis results, 
fractions are pooled, concentrated, and sterile 
filtered. Each final pool of purified sTNFR-I 

35 2 . 6D/N1 05-t-BuPEG >;33kDa) is again analyzed by SDS-PAGE 
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and SEC HPLC . This protein is formulated in iOmM sodium 
phosphate, pH 6.5 and 2 D^Y NaCl . 

1 . Pr eparation cf sTNFR-I 2 . 6D/N105-33 kDa ( Me PEG ) . 
5 To a cooled \1 °C ■ , stirred solution of 

sTNFR-2 . 6D/N10 5 (4 mg/ml) is added 10% acetio acid 
until the pH is 5.0. Tc this solution is added 15 mM 
NaCN3H3 and a 2- fold molar excess of t-butoxy PEG (t- 

butoxy polyethylene glycol, average MW =33 kDa , 
10 Shearwater Polymers, Inc.) . The reaction mixture is 

stirred briefly at the same temperature and then 

allowed to incubate for - 13 hours. 

After 18 hours protein concentration in the 

reaction mixture is adjusted to pH 3.0 with citric 
15 acid. 

sTNER-I 2.6D/N105- Me PEG ( 3 3 kDa ) is separated 
from the excess of Me PEG and other reaction by-products 
by ion exchange chromatography using an SP Sepharose 
HP™ column (Pharmacia Biotech, Inc., Piscataway, NJ) . 

2 0 The reaction mixture is loaded (no more than 

Smg/ml of resin) onto the column and the unreacted 
MePEG is eluted with 3 column volumes of the starting 
buffer A (20mM sodium citrate, pH 3.0). The sTNFR-I 
2 . 6D/N105-MePEG ( 33kDa) is eluted using a linear 16 

25 column volume gradient from 0.1 - 0.5 M NaCl in 20mM 
citrate, pH 3.0. The eluent is monitored at 230 nm . 
Each fraction containing sTKFR- I 2 . 6D/N105- Me PEG ( 3 3 kDa ) 
is analyzed by SDS-PAGE using 4-20% precast gradient 
gels (Novex, San Diego, CA) . Based on SDS-PAGE 

30 analysis results, fractions are pooled, concentrated, 
and sterile filtered. Each final pool of purified 
sTNFE-I 2 . 6D/N10 5- Me PEG 3 3 kDa ) is again analyzed by 
SDS-PA^E. The purified sTNFF.-I 2 . 6D/N1 0 5 - MePEG < 3 3 kDa ) 
is concentrated to 5 - 21 mg/mL and formulated in 

35 either PBS , pH 6.5 (10 mM sodium phosphate, 35-100 mM 
NaCl) or 2 0mM acetate, 1C0 mM NaCl, pH 5.C. 



3 . Preparation of sTXFR-I 2 . 62 /Nl 0 5 - MePEG ( 2 OkDa ) . 

The procedures cf step A for the preparation 
of sTK'FR-I 2 . -5E/X1C 5-MePEG (33kZa) , are substantially 
5 repeated with the exception that Me PEG ( mono - met hoxy- 
pi o 1 y e t hy 1 e n e g 1 y o o 1 , ave rage MW = 20 kD a , Shea r w a t e r 
Polymers, Inc.) is substituted for the MePEG (mono- 
methoxy-p>c>lyethylene glycol , average MW=3 3kDa, 
Shearwater Polymers, Inc.). This protein is formulated 
10 in lOmM sodium phosphate, pH 6.5 and 20mM NaCl . 

4 . Prepa ratio n of A dditi onal C o njugates . 

Additional conjugates of sTNFR- 2 . 6D/N1 0 5 are 
prepared substantially as sTNFR-I 2.6D/N105- 
15 MePEG ( 3 3 kDa - , with the exception that the following 

types of PEG aldehydes (Shearwater Polymers, Inc.) are 
used : 

linear monof unot ional - MW 5kDa, 6kDa, and 57kDa; 
branched monof unct i onal - MW lOkDa, 20kDa and 
2 0 4 OkDa; 

linear di functional - MW 8 kDa and 2 OkDa; 

branched tri functional - MW lOkDa. 

These proteins are formulated in lOmM sodium phosphate, 

2 5 pH 6 . 5 and 2 0mM NaCl . 

5 • Mte rnat i ve Pegy l at ion Meth od 

In an alternative embodiment, the truncated 
sTNFR-1 molecules may be pegylated and purified by the 

3 0 following techniques: 

The SP-HP eluate (3 - 5 mg/mL adjusted to pH 
5.0) is reacted with 2 moles of polyethylene glycol 
(e.g., Me PEG or t-3uPEG) per mole of sTNFR-I 2.6D/N105 
(-5 grams of t-RuPEt per gram cf sTNFR-I 2.6D/N105). 
35 After the dissolution of the polyethylene glycol, 10 
- 20mM sodium cyanobor ohydr 1 de is added and the 



sclucicn is a 1 1 c we a :o i n:ub are overn ight an 7 - 15 °C. 
At the end cf the pegylacion rearticn (~ IS hcurs) the 
readier, is quenched by adding 1 3mM glycine . 

The pegylaticn fixture is diluted with 4 
5 volumes of 5 DmK acetate, pH 4.0, adjusted tc pH 4.0 if 
necessary, and loaded cntc a SP-HP column that has been 
equilibrated with 50mM acetate, pH 4.0. The column is 
loaded to no mere than ~3 grams of sTNFR-2 . 6D/N105 per 
Liter bed vclume. After loading, the column is washed 

10 with 3 column volumes of Equilibration Buffer and 

eluted with a linear 0 - C . 3M NaCl gradient in 50mM 
acetate, pH 4.0. The sTNFR- 2 . 6D/N1 0 5 - 3 OkDa 
monopegylated fractions are collected, adjusted to pH 
5.0, concentrated and diafiltered into an isotonic 

15 formulation buffer. All purification steps are carried 
out at room temperature. The protein is formulated in 
either PBS, pK 6.5 (10 mM scdium phosphate, 35-100 mM 
NaCl) or 2 OmM acetate, 100 mM NaCl, pH 5.0. 

2 0 6 . Prep aration of sT NFR - I 2.6D/C10 5 dumbbe ll and 

sTNFR-I 2. 6D/C106 dumbbell . 

Sulfone activated polyethylene glycol 
(prepared and purified substantially in accordance with 
United States Patent Application No. 08/473,809, filed 
25 June 7, 1995 and United States Patent Application No. 

08/611,918, filed March 6, 1996) [PEG -20, 0 0 0 - hi s- vinyl 
sulfone] , are used to dimerize proteins substantially 
in accordance with the method described in PCT 
Publication No. WO 95/34326, except for the reduction 

3 0 and reaction conditions. The proteins are reduced 

prior to the attachment of the polyethylene glycol with 
4 mole DTT per one mole of protein at 5-6°C, pH 7.6. 
All reactions are performed in the presence of 30% 
glycerol. The dimerized proteins are termed sTNFR-I 
35 2.6D/2105db and sTNFR-I 2 . € D/ CI 0 6db . Each protein is 



f c r mu laced in either P 3 S , 
phosphate, 3 5 - 1 C C mX NaCl 
NaCl , pH 5.0. 



pH 6.5 ',10 mX sodium 
cr 2CmM acetate, 100 mM 



5 7 . Prepa ration of Comparat i ve sTNFR - I Molecules 

( i ) . sTNFR-1 4D/N105 is prepared as described in EP 
422339. sTNFR-I 4D/N 1 0 5 - t - BuPEG ( 3 3 kda ) is prepared by 
pegylating sTNFR-I 4D/N105 substantially in accordance 

10 with the procedures set forth above for the pegylation 
of sTNFR-I 2 . 6D/N105- t-BuPEG (33kDa). sTNFR-I 4D/N105- 
t -Me PEG ( 3 3 kda ) is prepared by pegylating sTNFR-I 
4D/N105 substantially in accordance with the procedures 
set forth above for the pegylation of sTNFR-I 

15 2 . 6D/N105-MePEG (33kDa). sTNFR-I 4D/C105 and sTNFR-I 

4D/C105db are prepared as described in PCT Publication 
No. WO 95/34326. This protein is formulated in lOmM 
sodium phosphate, pH 6.5 and 20mM NaCl . 

20 (ii). sTNFR-I 4D/ C 1 0 5 - 3 3 kDa ( Me PEG ) is prepared by 

pegylating 4D/C105 substantially in accordance with the 
procedures set forth above for the pegylation of sTNFR- 
1 2 . 6D/C105-33kDa (MePEG) with the exception that the 
reaction occurs at pH 7.5 with 1.3 moles of DTT per 

2 5 mole of sTNFR-I for - 5-6 hours, followed by removal of 

the DTT on an SP-Sepharose™ FF column and PEGylation 
with 1.5 - 3 moles of PEG per mole of protein for at 
least 15 hours at room temp. This protein is 
formulated in either PBS , pK 6.5 (10 mM sodium 

3 0 phosphate, 35-100 mM Na2l) or 2 0mM acetate, 100 mM 

NaCl , pH 5 . 0 . 

(in). sTNFR-I 3D/N1C5 (a truncation of the c-terminus 
34 amino acids of sTNFR-I 4D/N105) is prepared as 
35 follows. PCR amplification is carried out using sTNFR- 
1 4D/N105 as the template and OLiGO#13 and OLIGO#14 



J. ^ o 

which encode Ndel and Hindu, respectively, and anneal 
:c :he 5' and 3' ends of the truncated gene, 
respectively. PCR amplifications are run for 2 5 
cycles; each cycle consisting of 3 0 seconds at 94 °C for 
5 denaturat ion, 15 seocnis at 6C C C for annealing, and 1 
minute at 72°C for elongation [Model 2400 thermocycler 

(Perkin-Elmer Cetus, Ncrwalk, CT ') ] . The PCR product is 
purified using a QiAquick™ FCR Purification Kit 

(QIAGEN, Chatsworth, CA) . The purified PCR product is 
10 cut with Ndel and Hindi II then gel purified using the 
QiAquick™ Gel Extraction Kit (QIAGEN, Chatsworth, CA) . 
The gel isolated PCR product is ligated into pAMGll and 
transformed into FM15 E. coli cells. 



15 5' OLIGO#13: (SEQ ID NO:^&29) 

5 ' - GGTTAGCCATATGGACAGCGTTTGCCCCCAA- 3 ' 

3' OLIGO#14 : (SEQ ID NO : B^gOj 

5 ' -CCCAAGCTTTTAGGTGCACACGGTGTTCTGTTT- 3 ' 

20 

This protein is formulated in lOmM sodium 
phosphate, pH 6.5 and 2 0mM NaCl . 

(iv) . sTNFR-I 3D/C105 (a truncation of the c- 

25 terminus 34 amino acids of sTNFR-I 4D/C105) is prepared 
substantially as sTNFR- I 3D/N105, with the exception 
that the template is sTNFR- I 4D/C105 . sTNFR-I 3D/C105 
is formulated in either PBS, pH 6.5 (10 mM sodium 
phosphate, 35-100 mM NaCl) or 20mM acetate, 100 mM 

3 0 NaCl , pH 5.0. 

(v) . sTNFR-I 3D/C105db is prepared substantially 
as sTNFR-I 4D/C105db, with the exception that sTNFR-I 
3D/C105 is used as the starting material instead of 

35 sTNFR-I 4D/C105. sTNFR-I 3D/ri05ib is formulated in 

either PBS , pH 6 . 5 ( 1 I mM sodium phosphate, 35- 100 mM 
NaCl) or 2 jmM acetate, 100 mM NaCl, pH 5.C. 



x J ^ 

Example II 



5 Various forms of truncated, recombinant 

soluble TNFR-I are assessed for their ability 
tc inhibit TNF activity. 

A. WEHI Cytotoxicity Assay: 

10 The WEHI assay is an in vitro ceil 

proliferation assay (Edwards et al . (1991), 
Endocrinology. 12 3 : 9 6 9 - 9 9 6 ) . The cell lines are 
sensitive to TNF -a (i.e., TNF - a is cytotoxic). In the 
presence of a TNF -cc inhibitor, the cells are protected 

15 from the cytotoxic effect and thus are able to 
prol i ferace . 

Protocol : 

TNF-sensitive WEHI 164 clone 13 cells (ATCC, 
20 Rockville, MD) are suspended at a concentration of 20 x 
10 4 cells/mL in RPMI (Gibco, Grand Island, NY) medium 
supplemented with 5% Fetal Calf Serum (Hyclone, Ogden, 
UT) and penicillin 5 OU/mL : streptomycin 50 mg/mL. One 
hundred micro-liters of this cell suspension are placed 
25 in each well of f lat - bottomed 96-cell microtiter 

plates, and the cells are allowed to adhere for 4-6 
hours at 37°C in 5% CC>2 • To each well 10 /iL of a 
0.0060 mg/mL act inomycin -D (Sigma Chemical Co., St. 
Louis, MO) is added. Ten microliters of recombinant 
30 human TNFu at 5 3 ng/ml (5 ng/ml final concentration) is 
added to each well. Serially diluted 2-fold 



concentrations of the various sTXFR forms ,sTXFR- I 
2.6D/C1C6, sT:;FR-i 4I;/C1C5 and sTNFR-I 4D/C105db) are 
diluted PBS and then added to duplicate wells (10 
/iL/well! containing adherent WEHI 164 cells after the 
5 addition of recombinant human TNF-a. WEHI -164 clone 13 
cells are incubated for 18 hours at 37°C m 5% CO2 . 
After incubation, 10 mL of a 2 mg/mL solution of the 
organic dye MTT tetrazolium ( 3 - [4 , 5 -dimethyl thiozol - 2 - 
yl ] 2 , 5 -diphenyl tetrazolium bromide; Sigma Chemical 

10 Co., St. Louis, MO) is added, and cells are incubated 
for an additional 4-6 hours. Cells are solubilized by 
addition of 5 0 /iL DMF/3DS solution (2 0% SDS and 5 0% N,N 
dimethylf ormamide, pH 4.7). The DMF/SDS solution is 
pipetted up and down several times until all MTT 

15 crystals are dissolved, and cells are incubated for an 
additional 2-22 hours . The absorbances (abs) are read 
on a Vmax reader at 570. The percent specific 
cytotoxicity is calculated from optical densities using 
the formula: % specific cytotoxicity = 100% X 

20 [abs (cells + medium) - abs (cells + sample) ] /abs (cells + 
medium) - abs (cells + TX-100)]. The number of units of 
TNF in each sample is determined using the percent 
specific cytotoxicities of the murine standards, as 
described previous ly . 

25 

The WEHI assay results are compiled below in Table 2 : 

TABLE 2 : J n vi tro activity in the WEHI assay . 

IC50 (ng/mL) 
208 



;Pomp ound 
sTNFR- 1 2 . 6D/C1 06 



Based on the results cf the WEKI assay, there 
are no significant differences between the sTNFR-I 
2.6D/C1D6 and the sTNFR-I 4Z/C1C5 in terms of in vitro 
bioef f icacy . 

B. L92 9 Cytotoxicity Assay: 

The L92 9 cytotoxicity assay is an in vitro 
cell proliferation assay (Parmely et al . (1993), J. 
Immunol., 151 :33 9-396) which also assesses the 
cytotoxicity of TNF-ix-sensitive killing. The cell 
lines are sensitive to TNF-a (i.e., TNF-a is 
cytotoxic) . In the presence of a soluble TNF-a 
inhibitor, the cells are protected from the cytotoxic 
effect and thus are able to proliferate. 

Protocol : 

The L929 cell line is obtained from the 
American Type Culture Collection (Catalog number CCL 1, 
NCTC clone 929, clone of strain L , connective tissue, 
mouse) . The medium used for propagation is RPMI Medium 
1640 supplemented with 10% FBS +1% L-Glutamine 
Solution +1% Penicillin-Streptomycin Solution. 

96-well microtiter plates (Corning) are used 
in the assay and only the inner 60 wells are utilized. 
The standard and test sample are tested in triplicate 
on the same plate. 



The TNF used in the assay is f rem R&D 
Systems ; Xinneapol i s , MN } . The final concentration of 
TNF used in the assay is I ng/mL in all assay wells. 

The assay diluent is L92 9 growth medium, 1 0 
5 ng/mL of TNF and 10 g/mL of Actinomycin D (Sigma 
Chemical Cc . , St . Louis, MO' . 

The plates are harvested using an XTT/MEN 
Solution (1.5 mg/mL XTT + 75 mM MEN ) . 

On day 1, cells are plates on assay plates. 
10 A cell suspension is prepared by trypsinizing and 

4 

resuspending cells at 3.33x10 cells/mL. 180 mL of 
this cell suspension is plated into each of the inner 
60 wells of the assay plates. 200mL of growth medium 
is dispensed into the outer 36 wells to help avoid 

15 evaporation artifacts in the assay. The plates are 

allowed to sit at room temperature, covered with foil 
and free from drafts, for approximately 1 hour. Assay 
plates are placed in a 3 7+2 C high humidity 5+1% CO2 
incubator. Plates are incubated for approximately 20- 

20 22 hours prior to addition of sTNFR-I serial dilutions. 

On day 2, sTNFR-I 4D/N105 standard is 
prepared and test samples: Dilute sTNFR- I 4D/N105 

standard and test samples to a concentration of 
approximately 2.0 mg/mL, (or another appropriate 

25 concentration) . Make serial dilutions of this 

concentration to create a 10 -point dilution curve 
ranging from approximately 1.0 x 10' ng/mL to 1.0 x 10 

ng/mL, including a 0 ng/mL .^Assay Diluent only) 
point. If other concentrations are appropriate, they 

30 may be used. Add 100 : ^L of eaoh dilution in 

triplicate on each assay plate. Incubate the plates in 



a 37 C2 C high humidity 5-1% CO 2 incubaccr fcr 2C-1 
hours af:er transfer cf serial d 1 1 u t 1 c :\ all que t s to the 
assay plates . 

On day 3, 5 0 ^L/well of the XTT/MSN Solution 
5 is added to inner 60 wells cf assay plates. Plates are 
incubated in a 3 7 C + 2 C high humidity 5 + 1 % CO 2 
incubator (Falcon, New York, New York) for 24+0.5 
hours . 

On day 4, the optical density (CD.) of the 
10 assay plates is read at 450 nm minus 650 nm on an ELI SA 
plate reader ( Spec t raMAX , Beckman Instruments, Inc., 
Fullerton, CA) . If values of 4.000 OD are obtained for 
wells in a plate at these wavelengths, the plate should 
be reread at 4 50 nm minus 6 50 nm immediately, and the 
15 490 nm minus 650 nm data should be used for 
calculation. 

A standard dose - response curve vs log is 
prepared using a four parameter logistic curve fit. 
Calculate The original concentrations of unknown 
20 samples are calculated from the standard curve and 

calculate the ED 5Q for the standard and the correlation 

coefficient for the standard curve fit. 
Resul t s : 

25 

The L929 Cytotoxicity Assay results are compiled below 
in Table 3 : 

TABLE 3 : In vi tro activity in the L92 9 
3 0 Zytotoxi city assay 



10 



Corr.p o und Concent ra t i on 

• nq/^ L ■ . rr.cs rr.L ! ED. 

sTNFR-I 4D/C135db 7.8 1.0+0.1 

sTNFR-I 2.6D/ClC5db 2.6 1.1±0.0 

sTNFR-I 2.6O/C106db 2.2 1.0±0.1 

sTNFR-I 4D/N105 -t -BuPEG ( 33kDa) 2.0 229. 2±8 

sTNFR- I 4D,'C1 D5 - t -BuPEG i 3 3kDa ) 1.1 325.5±147 

sTNFR- I 2 . 6D/C1 05 - t - BuPEG • 3 3k:: a 1.7 210.2 + 9 

Internal Std : 

sTNFR-I 4D/C105 3.5 314.8±188.1 

The data indicate that the sTNFR-I 4D/C105db 
and the sTNFR-I 2.6D/C105db and sTNFR-I 2.6D/C106db are 
active and have comparable dose responses when compared 
to the standard. The data also indicate that the 
sTNFR-I sTNFR-I 4 D/Nl 0 5 - t - BuPEG ( 3 3 kda ) and sTNFR-I 
2.6D/C105- t - BuPEG ( 3 3 kda ) are nearly 2 logs lower in 
activity, but are active in this assay, nonetheless, 
when compared to the sTNFR-I 4D/C105db. 

Run # 2 

sTNFR-I 3D/C105db 0.2 2.27±0.3 

sTNFR-I 3D/C105db 0.2 2.0* 

sTNFR-I 3D/C105db 1.9 1.8* 



sTNFR- I 3D/N10 5 2.4 413.3 



★ 



Internal Std: 

sTNFR-I 4D/C105 3.5 115.9±42.1 



* Single data point 



These data indicate that the sTNFR - 1 
3C/ClC5db is active and the EI..- values are in the 
range cf the sTNFR-I 4I/C105db (Run #1), the sTNFR-I 
2.6D/C105db (Run #1), and the sTNFR-I 2.6D/C106db (Run 
5 #1). The data also indicate that the sTNFR-I 3D/N105 
is less active than the sTNFR-I 4D/C105 internal 
standard . 



I. Streptococcal cell wall induced reactivation model 
10 The Streptococcal cell wall induced 

reactivation model of arthritis in rats assays is 
accomplished using known protocols (Esser et al . 
(1935), Arthritis And Rheumatism, 28:1402-1411 and 
Makarov et al . (1996), Proc. Natl. Acad. Sci . USA, 
15 93:402-405). 



Protocol : 

Female Lewis rats (Charles River 
laboratories, Inc., Wilmington, MA), each weighing 175 

20 to 185 grams, are injected mtra-articularly into the 
right ankle joint with a sterile suspension of 
streptococcal cell wall products containing 
pept idoglycan-polysaccharide ( SCW) (Lee Laboratory, 
Grayson, GA) at a dose cf 1.5 mg/10 mg per joint. 

25 Saline is injected into the contralateral joint to 

provide a control . The mtra-art icular injection of 
SCW causes an acute arthritis of relatively short 
duration with swelling of the joint peaking at one to 
two days post injection. After a period of twenty 

3 0 days, during which the acute inflammatory reaction 
resolved, SCW is again administered by intravenous 



injection at a dose of 2 00 mg/2 0D mL cer rat. The 
second dose cf SOW is sufficient tc reactivate 
in f I ammat ion m the ankle joint previously injected 
with SCW and has little effect on the sal ine - inj ected 
5 ankle. To assess the extent of inflammation during the 
72 -hour period fell owing the intravenous injection of 
SCW , the dimensions of the ankle joint are measured by 
ankle caliper measurements of the hind ankle at 0, 24, 
36, 48, and 72 hours after reactivation of the 
10 arthritis and then contralateral hind limb harvest for 
histology (e.g., inflammation, pannus formation, 
cartilage damage and bone damage) . 

Results : 

15 The effects of the sTNFR-I 2.6D/C106db when 

administered are tested cn the development of joint 
swelling during the reactivation of the arthritis. The 
inhibitors and vehicle are each administered in a 
single intravenous injection 24 hours pre - react ivat ion 

20 with the SCW . 

sTNFR- I 2 . 6D/C10 6db demonstrates 
statistically significant efficacy in reducing joint 
swelling, by analysis of variance (ANOVA) Fisher's 
post-hoc test (Statview") at all four doses on days two 

2 5 and three pos t - react ivat ion and at all but one dose 

(1.5 mg/kg) on day one. This reduction in swelling is 
comparable to the positive control of sTNFR-I 4D/C105db 
given at a d:se o>f 0.5 mg/kg daily (i.e.; 8.8 nM) 
starting at one day pre - react ivat ion to three days 

30 post - react ivat ion . The sTNFRs also show significant 

efficaoy when the amount of swelling is considered over 



the three days as a whole. Area under the curve (AUC; 
display a dc se - response relationship at all doses (see 
Figure ?, wherein the sTNFR-I 2.6E/C106db is designated 
"sTNFR-I 2 .61" and the sTNFR - I 4D/C105db is designated 
5 "sTNFR- I 4D" ) . 

The sTNFR- I 2 . 6D/N 1 0 5 - t - BuPFG ( 3 3 kDa ) show a 
significant reduction in ankle width and histological 
indexes when compared to the disease control group in 
the model . 

10 

D. D-galactosamine/Lipopolysaccharide model : 

The D-gal actosamine t D - Ga 1 NH2 ) /Lipopoly- 
saccharide (LPS) model (Parmely et al . (1993), supra), 
is an in vivo, highly TNF-a -dependent animal model of 
15 lethality. Additionally, MRL>- Ipr/lpr autoimmune mice 
have been shown to be extremely sensitive to LPS- or 
SEB-mduced TNF-a fMountz et al. (1995), J". Immunol,, 
155 : 4 3 29-4837) . 

2 0 Protocol : 

After overnight fasting, 6-3 week old female 
MRL- Ipr/lpr mice (Jackson Laboratory, Bar Harbor, ME) 
receive an I. P. challenge with the following 
pharmacological reagents: 25 mg of D - GalNH2 (Sigma 

25 Chemical Co., St. Louis, MO) suspended in Hank's 

Balanced Salt Solution fGibco Laboratories, Inc., Grand 
Island, NY) (50 mg/mL) ; and 1 ipopolysacchar ide (LPS) 
from E . coli Serotype 0127:35 'Sigma Chemical Co., St. 
Louis, MO) in sterile, endotoxin- free phosphate 

30 buffered saline (PBS) (25 mg/mouse) or SEB (Toxin 
Technologies , Sarasota, PL) in normal sal me 



{50 ^g/rouse) . The various forms of sTNFR are given in 

serial 2- fold dilutions ^mg/kg dosages) :o obtain ED50 

curves generated with statistical software for the 

Macintosh (Statview-, Mountain View, CA) . Lethality is 
5 followed through +48h after challenge. 

Results : 

As shown below in Table 4, when the sTNFR-I 
2.6D/C106db is administered as described above, 1 hour 

10 pre-LPS/DGalNH2 challenge, the ED50 (i.e., the dose of 
sTNFR-I 2.6D/C106db required for 5C% protection) at 48 
hours is -50 |.ig/kg (N=8 individual mice] . In 
comparison to the sTNFR-I 4D/C105db, there are no 
significant fP > 0.05) differences in the ability of 

15 this form to prevent lethality (ED50 = -50 |ig/kg; N=8 
individual mice) . 



20 



TABLE 4 : Comparison of sTNFR and Optimized Truncated 
sTK FR forms in LPS /D - Ga 1NH ? Model 



Agent 

sTNFR- I 4D/C105db 
sTNFR-I 2.6D/C106db 

sTNFR-I 2 . 6D/IJ105 -t-BuPEG (33kDa) 
sTNFR-I 2 . 6D/N105 -MePEG (20kda) 
sTNFR- I 2 . 6D/N10 5 -Me PEG 

(20kda branched) 
STNFR- I 2 . 6D/N10 5 -Me PEG 

( 4 Okda branched) 



-100 Mg/kg 
-100 Mg/kg 
-2 mg/kg 
300-1000 ^g/kg 
2 mg/kg 

1.5 mg/kg 



ED50 
-5 0 (.ig/kg 
-50 Mg/kg 

-400 
- 1 mg / kg 
-1-1.5 mg/kg 

-1 mg/kg 



The data indicate that sTNFR-I 2.6D/C106db has 
equivalent activity as compared to sTNFR-I 4D/C105db, 



but: tha: sTNFR - I 2.cD/NlC5-t -3u?EG ( 3 BkH-a ; is less 
active in this model with an ED 50 of -400 J-ig/kg (n=5 
individual mice ) . Additionally, the activity of the 
sTNFR-I 2 . 6D/N1C 5 -Me PEG (2 0kDa branched) and 2.6D/N105 
5 Me PEG (40kDa branched) are less active in this model. 

E . Adj uvant induced arthritis model : 

Rheumatoid arthritis induced in rats by 
adjuvant bears many resemblances to human rheumatoid 
10 arthritis. The purpose of this experiment is to 

demonstrate that systemic admini s t rat ion of truncated 
sTNFRs has a mit igat ing effect on the pathogenesis of 
ad j uvant - induced arthritis in mice. 

15 Protocol : 

Male Lewis rats (5-7/croup) (Charles River 
Laboratories, Inc. , Wilmington, MA) weighing at least 
200g are cannulated with SQ catheters and allowed to 
recover for several days . They are then placed in 

20 infusion cages and acclimated for a week prior to 
ini t iat ing sal ine infusion . 

On day - 0 , all rats are injected with 10 0/il 
of Freunds Complete Adjuvant (Sigma Chemical Co., St. 
Louis, MO) to which a synthetic adjuvant, N,N- 

25 diocty 1 decy Idecyl -N ' , N-bis ( 2 -hydroxy- ethyl ) 

propane diamine , 5 0 mg/ml , is added . On day 8 , 
different groups of rats are administered by 
continuous SQ infusion of sTNFR-I 4D/C105 and sTNFR-I 
2 . 6D/N105 . 

30 

The results are set forth in Table 5. 



Compound Dose AUC% Pax Wt . Inf lam. Bone Res. 

His tophat hology 
(mg/kg/hr) (% Inh.) (% Inh.) (% Inh. ) (% Inh.) 



Study #1 

STUFF. - I 4C/C105 



STUFF- I 2 . 6D/U105 



61 
49 
33 
55 



46 
45 
40 
53 



37 
26 
14 
33 



89 
855 
34 
51 



Study #2 

sTUFP-I 2 . 6D/N105 



42 



ND 



13 



49 



Study #3 

STUFF.- I 2 . 6D/U105 - 
MePEG (2 0kda) 

STUFF- I 2 . 6D/U105 ■ 
MePEG (3 3kDa) 



50 
35 
36 
43 
38 
24 



40 
34 
30 
37 
33 
20 



13 
9 

0 



27 
22 
0 



Surprisingly the sTNFR-I 2.6D/N105-t- 
BuPEG ( 3 3kDa > and sTNFR-I 4D/C105db are of comparable 
anti-arthricic activity in adjuvant arthritis in Lewis 
rats, although the sTNFR-I 4D/C105db is more potent in 
the WEHI-164 and L929 in vi tro cytotoxicity assays, as 
well as the LPS/Gal:? model. 

F. Collagen induced arthritis model: 

Type II colla aen- induced arthritis in rats 
bears many resemblances to human rheumatoid arthritis. 
The purpose of this experiment is to demonstrate that 



sysn.err.ic administration c: truncated sTKFRs has a 
rr.inigani ng effect or n he pan he g e r.esis of n yp e II 
collagen-induced arthritis in rats and mice. 

5 Rat Protocol : 

Female Lewis rats (Charles River 
Laboratories, Inc., Wilmington, MA), had SQ cannulas 
implanted and they are acclimated to tethering for 
continuous infusion. Subsequently they are immunized 

10 with bovine type II ccllagen in Freunds incomplete 
adjuvant. On days 13, 14 or 15 post immunization, 
animals with established arthritis are randomly 
subdivided into groups of eight animals each. The 
experimental groups are infused with vehicle or 

15 various doses of sTNFR-I as described in Table 6 for 7 
days. Paw inflammation is assessed by daily caliper 
measurement of ankle joints. On day 7, the animals are 
euthanized and paws collected for weight determination 
as an index of inflammation. Ankle and knee joints are 

20 collected for histopathologic evaluation of arthritis 
parameters . 

The results are set forth in Table 6A . 

2 5 TABLE 6A: Collagen induced arthritis 

Compound Dose AUC% Paw Wt . Inf lam. Bone 

Res . 

Hi s tophathology 
i.mg/kg/hr i i % Inn.) ( % I nh . ) ( % I nh . ) ( % I nh . ) 

STUDY #1 



sTNFR-I 4D. C1C5 



sTNFR-I 2 . 6D/N105 



65 



19 
3 9 



8 1 
34 
22 
4 1 



ND 
ND 
ND 



ND 
ND 
ND 



STUDY #2 

sTNFR- I 2 . 6D/'N105 - 
Me PEG (3 3kDa^ 
sTNFP. - I 4D/N105 - 
Me PEG (3 3kDa) 



; mg / Kg/ aay 
3 



50 



60 



50 



ND 



ND 



STUDY #3 

STUFF. - I 2 . 6D ./N105 - 
Me PEG (3 3kDa) 
sTNFP. - I 2 . 6D/N105 - 
Me PEG (3 3kDa) 
sTNFR- I 2 . 6D/IJ105 - 
Me PEG (2 0kDa) 
sTNFP. - I 2 . 6D/N105 - 
MePEG (2 0kDa) 



(mg/kg/day ) 
9 



35 



35 



44 



37 



52 



37 



ND 



ND 



ND 



ND 



ND 



ND 



ND 



ND 



Interestingly, the rat established collagen 
model all the treatment groups are nearly the same in 
efficacy (e.g./ curve shape, percent (%) inhibition of 
5 area under the curve (AUC) , ranging from 30-59%, and 
paw weight inhibition ranging from 40-64%. No 
treatment group is statistically different than any 
other in this model of arthritis. 



10 Mcuse Protocol: 

Male DBA/1 (Jackson Laboratories, Inc., Bar 
Harbor, ME) , are immunized with bovine type II 
ccllagen (Sigma Chemical Co., St. Louis, MO) in 
Freunds incomplete adjuvant. On days 24, 2 5 and 2 6 

15 p'C s t - immuni zat ion , animals with established arthritis 



are randomly subdivided into groups of eight: animals 
eazrh. The experimental grcups are administered twice 
daily by the IF' route either saline or sTNFR-I 
2.6D/N105- MePEG ( 3 3 kDa ) , fcr 3 consecutive days (days 
5 + 27, +28, +29) . Paw inflammation is assessed by daily 
caliper measurement of ankle joints. On day +34, the 
animals are euthanized and paws collected for weight 
determination as an index if inflammation. Ankle and 
knee joints are collected for histopathologic 
10 evaluation of arthritic parameters. 



The results are set forth in Table 6B . 



TAB L E 6 B : Collagen induced arthritis 

15 

Co mpound Dose AUC% Total 

Histophathology 

(mg/kg 2D) ( % Inh.) 



STUDY #1 

STNFR-I 4D/C105db 3 49 39 

sTNFR-I 4D/N105-t- 3 63 55 

BuPEG (33kDa) 



STUDY #2 

STNFR-I 2.6D/N105- 9 73 ND 

MePEG (33kDa) 

sTNFR-I 2.6D/N105- 3 75 ND 

MePEG (3 3kDa) 



G. Continuous Infusion Rat Model cf LPS-induced 
TNF-u Production : 

sTNFR-I 2.6D/C10Edb and sTNFR-I 2.6D/C106db, 
2C sTNFR-I 2.6D/N105 and sTNFR - 1 4D/N105 are IV jugular 



implanted wi:h Alzet 1M mini -pumps (Alza Corp., Palo 
Aire, CA, , according :c the manufacturer's 
instructions, for 4 8 -hour continuous infusion (1 
mg/kg) ■ Serum TNF-a levels, measured by an ELI SA 
5 (Genzyme, Cambridge, MA) are significantly decreased 
compared to controls +2 hours post a high dose LPS 
chal lenge . 

Exampl e III : I mmun ogenicity Studies 

10 

Various forms of truncated, recombinant 
soluble TNFR-I are assessed for immunogenic i ty in 
several animal models. 

15 A. Rodents: : 

sTNFR-I 2 . 6D/N105-t-BuPEG(33kDa) and sTNFR-I 
4D/C105db (control) are subcut aneous ly administered (4 
mg/kg) on days 1 and 5 of the experiments to female 
Sprague Dawley rats (Charles Rivers Labs, Wilmington, 

20 MA) (n=6- 8/group) . Retro-orbital blood samples are 

collected weekly to day 21 post-initial administration, 
Samples are evaluated for IgM and IgG antibody 
product ion . 

25 TABLE 7: Rodent Immunogeni c i ty 



time [days] 


0.01 


7 


14 


21 


GROUP+ANIMAL# 


TITER 


TITER 


TITER 


TITER 




IgM 


IgM 


IgM 


IgM 



sTNFR- I 

2 . 6D/N1 D5 - 

33kdaPEG 



sTNFR - I 


0 


0 . 0 0 


j . 0 0 


0.00 


2 . 6D/N105 - t - 










3u?EG (3 3kDa) 










SEM 


0 


j . 0 0 


0 . 0 0 


0.00 


cent rol 










7 






5 0 


.1 


3 






5 0 


;j 




0 




100 


o 
o 


—i 

:c 


;j 
0 




0 

1 0 0 


5 0 


: i 


0 


0 


10 0 


(j 


12 


0 


0 


10 0 


0 


13 


0 


0 


C) 


o 


cent rol 


0 


0 


62 . 5 


6 . 3 


SEM 


0 


0 


15 . 7 


6 . 3 


time [days] 


0 . 0 1 


7 


14 


21 


GROUP +ANIMAL# 


TITER 


TITER 


TITER 


TITER 




IgG 


I gG 


IgG 


IgG 



sTNFR - I 

2 . 6D/N105- 

t - 

BuPEG ( 3 3kDa) 
1 



sTNFR- I 

2 . 6D/N105-t- 

BuPEG ( 3 3kDa) 

SEM 



NEG 
NEG 
MEG 
NEG 
NEG 
0 . 0 0 



0 . 0 0 



NEG 
NEG 
NEG 
NEG 
NEG 
0.00 



. 0 0 



0 
0 

0.00 



0.00 



0 
0 
0 
0 
0 
0 



00 



0.00 



control 



HE 3 
HE 3 



he: 
he; 



2 00 
200 



11 


TIE 3 


IJEG 




4 0 0 




12 


NE3 


NEG 




2 0 0 




13 


NE3 


NEG 


2 0 


S 0 0 




14 


NE3 


NEG 




5 0 




cent rc 1 


G 


0 


50 


231 


3 


SEM 


0 


0 


32 . 7 


94 


0 



As seen in the Table 7 , sTNFR-I 4D/C105db 
administered subcut aneously (SC) on days ~1 and ~5, 
records the higher rat anti- sTNFR-I IgG antibody 
5 titers through *21 days than the sTNFR-I 2 . 6D/N1 0 5 - t - 
BuPEG ( 3 3 kDa ) has very weak, if any, antibody titers. 
Similar trends in immunogenic ity are also observed in 
rats developing rat anti- sTNFR-I IgM antibodies 
through '21 days. sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) do 
10 not generate rat anti- sTNFR-I IgM antibodies through 
*21 days. 

B. Pa.pio anubis: 

The objective of Part 1, Phase A of the study 
15 is to determine the pharmacokinetics and immunogenicity 
of either the sTNFR-I 4D/ClC5db (0.2 mg/kg bodyweight 
[BW] ) , sTNFR-I 3D/C105db (0.2 mg/kg BW) , or sTNFR-I 
2.6D/C105db (0.2 mg/kg BW) , respectively, when 
administered IV twice to the healthy baboon, 2 1 days 
2 0 apart . 

The Part 1 study is divided in two phases. 
Part 1, Phase A is aimed at determining 

pharmacokinetics and immunogenicity of the different 
sTNF-RI constructs in the healthy baboon in response to 
25 two injections. Twelve baboons are subdivided into 

three groups. While anesthetized, each group receives 
0.2 mg/kg BW of either the sTNFR-I 4D/C105db, sTNFR-I 



3C/C105db, or sTXFR-I 2 . 61 /CI 0 5db . Three baboons are 
studied earn session. Animals are followed for 2 1 days 
and then receive a second identical IV injection of 
protein and are studied fcr an additional 21 days. 
5 Pharmacokinetics and immur.cgenici ty are determined at 
intervals thereafter . 

Part 1, Phase 3 of the study is aimed at 
evaluating efficacy of these preparations in a well 
established model of TNFa - mediated lethality (Espat 

10 et al . , J. Surg. Res., 59_:153 -158, 1995). Lethal E. 

coli bacteremia is induced in 16 animals in groups of 
four, by administration of 5-10 x 10 : "cfu/kg of live E . 
coli. A placebo group- is compared to baboons 
pretreated IV with either a sTNFR- I 4D/C105db (0.2 

15 mg/kg bodyweight [EW] ) , sTNFR-I 3D/C105db (0.2 mg/kg 

BW) , or sTNFR- I 2 . 6D/C1 0 5db administered at 1 mg/kg BW . 

In both phases of the Part 1 study, Young 
adult male and female baboons Papio anubis (6-11 kg) 
(Biomedical Research Foundation, San Antonio, TX) are 

20 fasted overnight. The animals are anesthetized with 
ketamine (10 mg/kg i.m.) and the cephalic vein is 
percut aneously cannulated. Anesthesia is maintained by 
the initial administration of up to 35 mg/kg sodium 
pentobarbital followed by repeated injection of 3-5 

25 mg/kg/hr of sodium pentobarbital. The upper airway is 
secured by placement of a cuffed endotracheal tube, and 
the animals maintain spontaneous respiration. A 
catheter is placed percutaneously into the femoral 
artery which permits repeated systemic arterial blood 

30 sampling as well as continuous monitoring of heart rate 
and mean arterial blood pressure via a Datascope 2000 



anesthesia monitor ; "a: asccpe , San Antcnic, TX) cardiac 
T.jnitcr . Arterial bleed samples are ccllected at 
intervals, ant i - coagu 1 a t ed with EDTA or heparin, and 
cooled cn ice immediately after drawing. The plasma 
5 fraction is separated by cent n fugat ion at 4°C, and 
stored at -71°C until assayed. :ore temperature is 
monitored via a rectal probe. An indwelling urinary 
Fodey-type catheter is placed to allow urine collection 
and to monitor urine output and creatinine clearance. 

10 Hemodynamic parameters are monitored every fifteen 

minutes. All animals receive 0.9% sodium chloride (4 
ml/kg) as maintenance i . v. fluid. In the phase B 
studies, animals receive additional fluid (10 ml/kg 
every 15 min) , if two of the following physiologic 

15 criteria are met: 1) mean arterial pressure dropped by 
more than 30%; 2) heart rate increase by more than 30%, 
and 3) urine output drop to <1 ml/kg/hr. After 
baseline blood sampling and a waiting period of at 
least an hc>ur to allow equilibration infusion of 

2 0 proteins is started. 

In the Part 1 Phase A set of studies, 
recombinant proteins are infused via the cephalic vein 
and animals are observed for a period of eight hours 
after which time all catheters are removed and the 

25 animals are returned to their cages for 21 days. At 24 
and 4 8 hours and on days 3,5, S, 11, 16, and 21, the 
animals are briefly anesthetized with IM ketamine 
(lOmg/kg) and venous blood samples obtained. On day 
21, the animals are re - anes t het i zed , received a second 

30 injection of the protein, and the entire procedure 



conducted on day zero is repeated for an additional 21 
da y s , at wh i c n to me the am ma Is are euthanized. 

In the Part i Phase 3 studies, one hour prior 
to- the infusion of E. coli, four animals are randomly 
5 assigned to receive either placebo or one of the 

previously mentioned constructs. Animals are observed 
for a period o-f eight hours after which time all 
catheters are removed, the animals are returned to 
their cages and subsequent survival to the lethal; 

10 bacteremia is observed. Animals in excessive 

discomfort are euthanized. Excessive discomfort is 
defined by the IACUC as: 1) failure to maintain the 
sitting or upright position over the previous 12 hours, 
2) failure to take food or water within the previous 12 

15 hours, 3) uncontrollable bleeding from catheter sites, 
or 4) unresponsiveness to external stimuli. Venous 
blood samples are obtained at -1, 0, 0.5, 1, 1.5, 2, 
2.5, 3, 4, 5, 6, 7, S, 2 4 hr, 4 8 hr, and on days 
3,5,8,11,16, and 21. At 21 days, surviving animals are 

2 0 euthani zed . 

The presence of Papio antibodies to the 
administered recombinant proteins are determined by 
sandwich ELI SA . Very briefly, the sTNFR-1 constructs 
are coated onto ELI SA plates (1 ug/ml) and diluted 

25 baboon (1:50 to 1:100,000) plasma (100 piL) are added. 
After the samples are washed, an horse radish 
peroxidase (HRP) conjugated protein A is added (0.5 
ug/ml), and the assays are visualized with TMB . 

30 Results (Part I) : 



Plasm.a half-lives differed significantly 
among the three constructs. The disappearance curves 
are determined using a mode 1 - independent method and the 
apparent half -lives are generally evaluated between 8 
5 and 172 hours. In naive animals, the plasma half -life 
is longest in baboons treated with the 4.0 domain 
construct (29 hrs) and declines sequentially in baboons 
treated with the sTNFR- I 3D/C105db (24.7 hrs) and 
sTNFR-I 2.6D/C105db (21.5 hrs). The difference, 

10 although statistically significant, is only 26%. 

Unexpectedly, following the second 
administration of the proteins to the respective 
baboons , the plasma half- lives tend to be much shorter, 
indicating a more rapid clearance. This decrease in 

15 half- life is most pronounced in baboons receiving 

sTNFR-I 4D/C105db where it is shortened by 43% (p<0.01) 
[Figure 10] . The reductions in half- life are 
intermediate in the baboons treated with the sTNFR-I 
3D/C105db (31%) [Figure 11] and least in the animals 

20 given the sTNFR - I 2.6D/C105db (14%) [Figure 12]. The 

reductions in half-life are not statistically different 
in baboons treated with the sTNFR-I 2.6D/C105db. 

All the preparations are immunogenic in the 
baboon. However, the frequency of immunogenic i ty is 

2 5 greatest in the baboons treated with the sTNFR-I 

4D/C105db, intermediate in animals treated with the 
sTNFR-I 3D/C105db, and lowest in animals given the 
sTNFR-I 2.6D/C105db (Table 8). 

30 TABLE 8: Peak Antibody Responses 1 





r :rs: 2 
median 


1 Days 
2 5 % - 75% 


Second 
Tied i an 


2 1 Days 
25% - 
75% 


sTNFR - I 

4D/C105db (n=4 i 


3.20 


3.20 3.20 


3 . 95 


3.50 4.40 


sTNFR - I 

3D/C105db (n=4 ) 


1.60 


0 . C 0 3 . 5 5 


3.50 


1.30 4.75 


sTNFR - I 
2 . 6D/C105db 
(n = 4) 


0 . 0 0 * 


0 .00 1.75 


1.45 


0.00 3.50 



1 logarithms, c scale (inverse dilution of plasma 
necessary to produce half -maximal absorbance on a 
sandwich ELISA; see Experimental Methods) 

5 

*p=0.056, by Kruskal-Wallis two-way ANOVA (log 
transformed values failed tests of normality) 

Antibody responses generally develop around 
10 the eighth day following administration of the 

constructs and are present through the 2 1 day study 
period. Furthermore, antibody responses tend to become 
stronger during the response to the second injection of 
the protein constructs. 
15 All four of the baboons receiving the sTNFR-I 

4D/C105db develop antibodies, two of four of the 
animals receiving the sTNFR- I 3D/C105db develop 
antibodies and one of the four baboons receiving the 
sTNFR-I 2.6D/C105db develop antibodies. By Kruskall- 
20 Wallis A1JOVA, the magnitude of the antibody response 

{log transformed) is significantly different among the 



three grcups as a function of time (p<0.05) . Post -hoc 
analysis suggests that the significant difference in 
antibody responses is principally between animals 
receiving the sTNFR-I 4D/C105dr and sTNFR-I 2.6D/C105db 
5 with intermediate (and nonsignificant) responses from 
the animals treated with sTNFR-I 3D/C105db. 

A correlative relationship between the 
development of antibodies and the change in clearance 
between the two 21 day studies (p<0.01) is observed. 

10 Not unexpectedly, in those animals that develop a 

strong antibody response after the first administration 
of the construct, the protein is cleared more rapidly 
after the second administration. A change in clearance 
between the first and second injections is compared 

15 between animals that developed an antibody response 
(n=7) and those that did not (n=5) [Figure 13] . 

The antibodies that are detected in the 
plasma of the baboons are evaluated in a selected 
number of animals for direct cytotoxicity in the ME-180 

20 cell line and neutralizing capacity in an L.-929 assay. 
No cytotoxicity nor neutralization is seen with 
antibodies generated to any of the three constructs. 

In the Phase I Part A baboon study, animals 
that develop the strongest antibody responses also have 

25 the most rapid increase in the clearance of the 

constructs following their second administration. 
Thus, such findings suggest that antibody responses may 
reduce the biological half-life and thus, therapeutic 
efficacy of the constructs, and dose adjustments may be 

3 0 required. However, there dies not appear to be any 
adverse clinical response to the presence of the 



antibodies when the constructs are administered a 
seccnd time. Thus, therapeutic efforts to mcdify such 
constructs to reduce immunogemcity , without 
significantly affecting half-life cr efficacy, are 
5 aimed primarily at reducing the need for increasing 
dose adjustments, rather than the risk of adverse 
reactions . 

Part 1 Phase B Results: 

10 Finally, in the naive baboon, all three 

constructs are nearly equally effective in preventing 
cytokine mediated injury after E . coli bacteremia when 
administered at a dose of 1.0 mg/kg BW . One of 4 
Placebo- treated baboons survive; 4 of 4 sTNFR-I 

15 4D/C105db- and sTNFR-I 3D/C105db- treated baboons 

survive; and 3 of 4 sTNFR- I 2 . 6D/C1 05db- treated baboons 
survive, respectively. All three constructs prevent 
TNFot bioactivity and provide excess neutralizing 
capacity . 

20 

Part II: 

The specific aim of the Part II study in 
baboons is to determine whether repeated exposure (i.e. 
3 separate injections) of animals to various sTNF-RI 

25 constructs results in further immunogenic ity and 

decreased half -lives. Additionally, this study is 
designed to compare the immunogenic! ty and 
pharmacokinetics of several sTNF-RI constructs, 
including the sTNFR-I 2.6D/C105db and sTNFR-I 

30 4D/^105db, and the sTNFR-I 2 . SD/N1 0 E - t - BuPE 3 < 3 3 kDa ) and 
sTNFR-I 4D/N105-t-3uPEG (3 2 kDa: . Finally, this study is 



designed :c evaluate nhe clinical significance of the 
antibody re soon se and alter clearance on the subsequent 
respcr.se to a TNFa -mediated injury challenge (E. coli 
bacteremia') . 

5 On days 0 , 2 1 and 4 2 , baboons are 

administered I.V. 0.2 mg/kg of the various constructs 
(sTNFR-I 4D/C105db, sTNFR- I 1.6D/C105db, sTNFR-I 
2 . 6D/N105-t-BuPEG (33kDa) , or sTNFR-1 4D/N105-t- 
BuPEG ( 3 3 kDa ) , respectively). On day ~63, baboons 
10 receive 2.0 mg/kg BW of their respective constructs. 

On day + 65 (i.e.; 48 hrs later), baboons are challenged 
with a lethal dose of E. coli as outlined in Part I 
above. The major findings Part II are as follows: 

15 Results (Part II) : 

In general, sTNFR-I 4D/N105 - t -BuPEG ( 3 3kDa) 
and sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) have longer half- 
life's than TNFR-I 4D/C105db and sTNFR-I 2.6D/C105db in 
the naive baboon, irrespective of the number of 

2 0 domains. half -lives range from 30-35 hours for the 
monopegylaced sTNFR- I forms in comparison to 10-20 
hours for the dimeric pegylated forms. Additionally, 
sTNFR-I 4D/N105 -t -BuPEG (33kDa) and TNFR-I 4D/C105db 
have longer half -lives than 2 . 6D/N1 0 5 - t -BuPEG ( 3 3 kDa ) 

25 and sTNFR-I 2.6D/C105db in the naive animal. 

sTIJFR-I 4D/C105db and sTNFR-I 2.6D/C105db are 
also immunogenic, with a modest trend towards reduced 
immunogerii city with sTNFR-I 2.6D/C105db. However, only 
TNFR-I 4D/0105db exhibits reduced clearance with 

30 repeated administrations. sTNFR- I 4D/N105-t- 

BuPEG(33kDa) and 2 . 6D/N1 0 5 - t - BuPE 3 ( 3 3 kDa ) are neither 



antigenic, nor do their clearance rates change 
significantly with repeated administration . 

Serum obtained from each baboon (N=3) treated 
with the different compounds cn days *2 1, day ~42, and 
5 day '61 are assessed in vitro for immunoreactivity (by 
a sandwich capture ELI SA) to other constructs by using 
the different constructs as the capture antigen. For 
example, serum obtained from baboons administered the 
2 . 6D/N105 - 1 -BuPEG (33kDa) on day '21 (Table 9) do not 
10 "react" to either the sTNFR-I 4D/C105db, sTNFR-I 

4D/N105 when these compounds are used on the ELI SA 
plate as the capture antigen. 
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A positive reaction is ar. antibody response 
of >I:400 titre. Data fro^ day '42 and *6I are shown i 
Tables 10 and 11 . Importantly, there is a positive 
reaction m vitro with serum obtained from 1 baboon 
previously treated with the 2 . 6D/N1 0 5 - 1 - EuPEG ( 3 3 kDa ) 
when tested against the sTNFR-I 4D/C105db capture 
antigen (Table 11) . 
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the irabocr. previously exposed no the 
ccns:ruc:s three ::^es, efficacy to a TNFu -mediated 
injury response is greatest in the (1) sTNFR- I 
4D/C105db, (2) sTICFR- I 2 . £ D/Cl 0 5db , (3) sTNFR-I 
5 4D/N1 j5- t - BuPEG (32kEa) and (4 ) 2 . 6D/N1 0 5 - t - BuPEG (3 3kDa) 
(as determined by survival, mult i - system organ failure 
(MSOFi, serum IL-c and WBC responses) . The "caveat" is 
that this study did not consider differences in the TNF 
neutralizing capacity of the different constructs. 

10 

C . Chimpanzee : 

The objective of this study is to assess 
the immunogenicity of the different sTNF-RI forms which 
are repeatedly injected by the I.V. route in 
15 chimpanzees over a 1 month period. The sTNF-RI forms 
tested in this study are: the sTNFR-I 2.6D/C105db, 
sTNFR-I 4D/C105db, sTNFR-I 4D/C1 05 - t -BuPEG ( 3 3kDa) , 
sTNFR-I 2 . 6D/N105 - t -BuPEG I 3 3kDa) , and sTNFR-I 4D/N105- 
t - BuPEG ( 3 3 kDa ) . There are a total of 3 Chimpanzees per 

2 0 treatment group . 

The dose regimen/parameters of this study are 
as follows: Each Chimpanzee receives the test article 
as an intravenous bolus injection at 0.1 mg/kg, twice 
weekly on Mondays and Fridays for 4 weeks (8 doses 
25 total) . The dose volume is variable depending on the 
concentration of the supplied test article. A 5 mL 
serum sample is obtained from each animal on Day 0 
prior tc treatment. Additional serum samples are 
obtained just prior to drug administration on days 7, 

3 0 14, 21, and 28. 
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By day ~23, all animals (N = 3> created with 
either the sTXFR-I 4D/C105db cr sTNFR-I 2.6D/C105db 
record a positive reaction (measured by ELISA) , with 
the highest titre observed as 1:12,800 or 1:3200, 
5 respectively (Table 12) (Note: In this part of the 

experiment, all "immunizing" antigens are used as the 
corresponding capture antigens immobilized on the ELISA 
plate) . One animal treated with sTNFR-I 4D/N105-t- 
BuPEG ( 3 3 kDa ) has a positive antibody reaction on days 

10 '21 and '28 (Table 12) . Importantly, no animals 

treated with either the sTNFR-I 4D/C1 0 5 - t - BuPEG ( 3 3 kDa ) 
or sTNFR-I 2 . 6D/N1 0 5 - t - BuPEG ( 3 3 kDa ) are observed to 
have developed ant i - sTNFR - I antibodies throughout the 
experiment (Table 12) . 

15 As described in the baboon experimental 

section above, serum obtained from each chimpanzee 
(N=3) treated with the different sTNF-RI forms on days 
'28 are assessed in vitro for immunoreact ivity (by 
ELISA) to other constructs by using sTNF-RI forms as 

20 the capture antigen. A positive reaction is an 

antibody response of >1:400 titre. Importantly, serum 
obtained from chimpanzees administered the sTNFR-I 
2 . 6D/N105-t -BuPEG (33kDa) do not "react" to either the 
sTNFR - 1 4D/C105db, sTNFR - 1 4D/N105 when these compounds 

25 are used on the ELISA plate as the capture antigen 
(Table 13) . 
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This is also observed with animals treated 
with either the sTNFR-I 4D/C105db, sTNFR-I 4D/C105-t- 
BuPEG ( 3 3 kZ : a ; , or sTXFR-I 4l/NlC5-t- BuPEG ( 3 3 kDa ) (Table 
13) . 

Example IV 



EAE is an a:ute or chronic relapsing 
inflammatory demye 1 mat ing disease of the CNS resulting 

10 from sensitization of genetically susceptible animals 
with neuroant igens such as myelin basic protein (MBP) . 
EAE is an art-accepted and often used animal model for 
acute human MS. 

Female Lewis rats (Jackson Laboratories/ Bar 

15 Harbor, MS) are anesthetized and immunized on Day 0 in 
the footpad of the left hind limb with 0.1 mL of an 
emulsion containing myelin basic protein (MBP) in 
complete Freunds adjuvant dissolved in phosphate 
buffered saline (PBS) with an equal volume of complete 

2 0 Freunds adjuvant ( C FA ) containing 5mg/ml of 

Mycobacterium tuberculosis H37Ra (Difco Lab MI). 
Control rats receive 0.1ml of the PBS/CFA emulsion with 
no MBP in the footpad of the left hind limb. 

Evaluation of clinical disease is based on a 
25 conventional 0-5 scoring system. The spectrum of 

rating is: 0, normal; 0.5, partial loss of tail tone; 
1, complete loss of tail tone, 2, dragging of one hind 
limb; 3 paralysis of both hind limbs; 4, morbid; and 5, 
death. All injections of sTNFR-I constructs or vehicle 

3 0 are administered at 1 mg/kg S.C. every other day 

starting on day 9 post immunization. Ail animals are 



terminated on day 21. Results are expressed in two 
forms, clinical severity so ore as a function of time, 
and the integrated clinical score for each rat over the 
entire course of the disease is calculated as the area 
5 under the curve of daily clinical score versus time. 
The values of the treated groups for integrated 
clinical scoring are compared statistically against 
those of the control group using the Mann-Whitney test. 
Vehicle treated animals have an onset of 

10 disease around day 10, the disease peaked on day 16 and 
then declined. sTNFR-I 4D/C106db attenuates the 
clinical symptoms by approximately 73%, when compared 
to vehicle treated animals. The sTNFR-I 4D/C105-t- 
BuPEG (33kda) also attenuate the clinical symptoms by 

15 approximately 85%. The sTNFR-I 4D/C1 G 5 - t -BuPEG ( 3 3 kda ) 
and sTNFR-I 2 . 6DN10 5 - t -BuPEG ( 3 3kDa ) are equally potent 
in attenuating the clinical symptoms (64 and 57%, 
respectively) . 

In conclusion, it appears that truncated 

20 sTNFRs are effective in mediating some of the clinical 
sequelae in this animal model of MS. 

While the present invention has been 
described above both general 1 y and in terms of 
preferred embodiments, it is understood that other 

25 variations and modifications will occur to those 

skilled in the art in light of the description above. 



Disclcsed are novel proteins, referred to as 
tumor necrosis factor binding proteins, that modulate 
the activity of tumor necrosis factor. Also disclosed 
are processes for obtaining the tumor necrosis binding 
proteins by recombinant genetic engineering techniques 



